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Abstract 
Coral reefs have long been recognized for their ecological and economical 
importance. They are, however, vanishing in many parts of the world at alarming 
rates. In response, many monitoring programs have been initiated all over the world 
aiming at better understanding and management of this dynamic system for better 
conservation. The choice of monitoring method to be carried out in these programs 
can significantly affect the results obtained and thus, our understanding of the 
processes involved in the biological patterns observed. Different monitoring 
programs have employed different methods but there remains no consensus on which 
monitoring method is most effective and efficient. Previous studies have focused 
mainly on the relative performance of these monitoring methods. Information on the 
accuracy and precision of these methods, as well as the effect of site characteristics 
on the performance of these methods are urgently needed in order for the monitoring 
methods to be more effective in generating data useful for coral reef conservation 
and protection. 
In this study, the performance of four commonly used coral reef monitoring methods, 
line intercept transect (LIT), point intercept transect (PIT), random point video 
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transect (RPVT) and quadrat (QUAD) was assessed in terms of their accuracy and 
precision in Tung Ping Chau Marine Park, HKSAR. These methods were applied in 
completely enumerated 20m x 20m permanently marked coral areas in Cheung Sha 
Wan (CSW), A Ye Wan (AYW) and A Ma Wan (AMW), sites with different coral 
covers. Coral cover, species count, univariate diversity indices as well as multivariate 
community structure estimated from these monitoring methods were compared with 
the true values obtained from the baseline using both optimal sample size required 
and equal sampling effort. 
Baseline information calculated from complete mapping of the coral areas indicate 
the coral community in CSW to be composed of 47 hard coral species with 9.49% of 
coral cover, AYW having 43 species with 26.16% of coral cover, and AMW having 
53 species with 46.52% of coral cover. Thus, these three sites represent sites with 
low, medium and high percentage of coral covers respectively. 
The general patterns of the results obtained in the three study sites from the four 
methods are comparable. Taking CSW as an example, all methods slightly 
over-estimated the coral cover, ranging from 10.08±5.02o/o by QUAD to 14.67土 
1.92% by PIT using optimal sample size. Based on the combined results from the 
iv 
three sites, Q U A D tended to provide the most reliable estimation on coral cover. 
All monitoring methods under investigation severely under-estimated species count 
and Margalef's Index, a diversity index that emphasizes species richness. Even under 
the highest sampling effort tested (90 min per survey), LIT, the best method found 
for evaluating species count, would only be able to record less than half of the total 
number of species actually present in the study sites. In contrast, Pielou's Index, a 
diversity index that measures the evenness distribution pattern of individuals among 
species, was always over-estimated by all the monitoring methods. The problem was 
particularly serious for PIT which gave an index value of 0.91 ±0.04 for CSW under 
30 min fixed sampling time, compared with the true Pielou's Index of 0.62 calculated 
from the baseline. Similar results were also observed in AYW and AMW. Values of 
Brillouin's Index and Shannon-wiener's Index calculated using data from different 
monitoring methods varied and no clear pattern was observed. 
Results from multivariate analyses indicated the similarity between the community 
structure calculated from the baseline and those generated from the monitoring 
methods to range from 56.74% using LIT and RPVT, to 52.70% from QUAD and 
PIT using optimal sample size in CSW. Results from ANOSIM indicated clusters of 
data from different monitoring methods to be separated but with some degrees of 
XXXV 
overlap. The degree of overlap in the community structures decreased with increase 
in taxonomic resolution from growth form, genus to species levels and with increase 
in sampling effort. 
Site characteristic is one of the possible factors that influence the performance of the 
monitoring methods. Understanding how the performance of different monitoring 
methods vary in coral community with different site characteristics is of crucial 
importance for reef manager and scientist to select the appropriate monitoring 
method for their working area. Since the three sites in the present study exhibited 
marked difference in their coral cover, the potential effect of coral cover on the 
performance of the four monitoring methods was assessed. 
Among the four methods investigated, QUAD was least influenced by the site 
characteristics. LIT, PIT and RPVT tended to provide unreliable data when the coral 
cover was low (9.49% in CSW). Thus, the use of these monitoring methods should 
be avoided in area with low coral cover. Again, use of QUAD is recommended in 
this situation as it can provide more reliable information on the community than the 
other methods. 
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As shown in this study, coral cover plays an important role in affecting the 
performance of the monitoring method. Sites examined in this present study are all 
dominated by mainly massive corals. Topographic complexity, or the presence of 
corals of different growth forms may also affect the performance of the monitoring 
methods. Furthermore, other site characteristics such as spatial heterogeneity and 
colony size distribution may also affect their performances. All these need to be 
further examined for more comprehensive understanding of the effect of site 
characteristics on the performance of the monitoring methods. 
This present study is one of the few to assess accuracy of monitoring methods and 
probably the first to investigate the effect of site characteristics on the performance 
of these methods in field situation. It is hoped that the findings from this study can 
provide valuable information that will contribute towards our understanding of 
ecological processes in this dynamic system. This in turn will help in the design of 
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generated in Figure 3.11. 
Fig. 3.13 Effect of increase in number of samples on standard error (SE) of 116 
mean percent coral cover calculated from data obtained using the 
Line Intercept Transect method in the 20 m x 20 m plot in Cheung 
Sha Wan. 
Fig. 3.14 Plot of variances of standard errors against sample size for data 116 
generated in Figure 3.13. 
Fig. 3.15 Effect of increase in number of samples on standard error (SE) of 117 
mean percent coral cover calculated from data obtained using the 
Point Intercept Transect method in the 20 m x 20 m plot in 
Cheung Sha Wan. 
Fig. 3.16 Plot of variances of standard errors against sample size for data 117 
generated in Figure 3.15. 
Fig. 3.17 Effect of increase in number of samples on standard error (SE) of 118 
mean percent coral cover calculated from data obtained using the 
Random Point Video Transect method in the 20 m x 20 m plot in 
xxxiv 
Cheung Sha Wan. 
Fig. 3.18 Plot of variances of standard errors against sample size for data 118 
generated in Figure 3.17. 
Fig. 3.19 Effect of increase in number of samples on standard error (SE) of 119 
mean percent coral cover calculated from data obtained using the 
Quadrat method in the 20 m x 20 m plot in Cheung Sha Wan. 
Fig. 3.20 Plot of variances of standard errors against sample size for data 119 
generated in Figure 3.19. 
Fig. 3.21 Mean percentage cover (+SD) of corals in the 20 m x 20 m plot in 120 
CSW estimated by the different monitoring methods using the 
optimal sample size given in Fig. 3.1. 
Fig. 3.22 Mean species count (+SD) of corals in the 20 m x 20 m plot in 120 
CSW estimated by the different monitoring methods using the 
optimal sample size given in Fig. 3.1. 
Fig. 3.23 Mean Margalef's Index (+SD) of coral diversity in the 20 m x 20 121 
m plot in CSW estimated by the different monitoring methods 
using the optimal sample size given in Fig. 3.1. 
Fig. 3.24 Mean Pielou's Index (+SD) of coral diversity in the 20 m x 20 m 121 
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plot in CSW estimated by the different monitoring methods using 
the optimal sample size given in Fig. 3.1. 
Fig. 3.25 Mean Brillouin's Index (+SD) of coral diversity in the 20 m x 20 122 
m plot in CSW estimated by the different monitoring methods 
using the optimal sample size given in Fig. 3.1. 
Fig. 3.26 Mean Shannon-Wiener's Index (+SD) of coral diversity in the 20 122 
m X 20 m plot in CSW estimated by the different monitoring 
methods using the optimal sample size given in Fig. 3.1. 
Fig. 3.27 (A) MDS ordination plot comparing the coral community 123 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
CSW using species percentage cover data generated from different 
monitoring methods. Each, other point represents the community 
structure calculated based on the optimal sample size for each 
method. 
Fig. 3.28 (A) MDS ordination plot comparing the coral community 124 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in CSW using generic percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the optimal sample size 
xxxvi 
for each method. 
Fig. 3.29 (A) MDS ordination plot comparing the coral community 125 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in CSW using growth form percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the optimal sample size 
for each method. 
Fig. 3.30 Amount of time (min) (mean + SD) required to complete one 126 
sample for each monitoring method in the 20 m x 20 m plot in 
Cheung Sha Wan (CSW). 
Fig. 3.31 Mean percentage coral cover (+SD) in the 20 m x 20 m plot in 127 
CSW estimated by the different monitoring methods within 30, 60 
and 90 min of sampling intervals. 
Fig. 3.32 Effect of increase in sampling effort on mean percentage coral 128 
cover (+SD) estimated by the different monitoring methods in the 
2 0 m X 2 0 m p l o t i n C S W . 
Fig. 3.33 Mean species count (+SD) in the 20 m x 20 m plot in CSW 129 
estimated by the different monitoring methods within 30，60 and 
90 min of sampling intervals. 
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Fig. 3.34 Effect of increase in sampling effort on mean species count (+SD) 130 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in CSW. 
Fig. 3.35 Mean Margalef's Index (+SD) in the 20 m x 20 m plot in CSW 131 
estimated by the different monitoring methods within 30, 60 and 
90 min of sampling intervals. 
Fig. 3.36 Effect of increase in sampling effort on Margalef's Index (+SD) 132 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in CSW. 
Fig. 3.37 Mean Pielou's Index (+SD) in the 20 m x 20 m plot in CSW 133 
estimated by the different monitoring methods within 30, 60 and 
90 min of sampling intervals. 
Fig. 3.38 Effect of increase in sampling effort on Pielou's Index (+SD) 134 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in CSW. 
Fig. 3.39 Mean Brillouin's Index (+SD) in the 20 m x 20 m plot in CSW 135 
estimated by the different monitoring methods within 30, 60 and 
90 min of sampling intervals. 
Fig. 3.40 Effect of increase in sampling effort on Brillouin's Index (+SD) 136 
xxxviii 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in CSW. 
Fig. 3.41 Mean Shannon-Wiener's Index (+SD) in the 20 m x 20 m plot in 137 
CSW estimated by the different monitoring methods within 30, 60 
and 90 min of sampling intervals. 
Fig. 3.42 Effect of increase in sampling effort on Shannon-Wiener's Index 138 
(+SD) estimated by the different monitoring methods in the 20 m 
X 20 m plot in CSW. 
Fig. 3.43 (A) MDS ordination plot comparing the coral community 139 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in CSW using species percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the 30min field sampling 
for each method. 
Fig. 3.44 (A) MDS ordination plot comparing the coral community 140 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in CSW using species percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the 60min field sampling 
xxxix 
for each method. 
Fig. 3.45 (A) MDS ordination plot comparing the coral community 141 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in CSW using species percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the 90min field sampling 
for each method. 
Fig. 3.46 MDS ordination plot comparing the coral community structures in 142 
the 20 m X 20 m plot in CSW using species percentage cover data 
generated from the (A) Line Intercept Transect (LIT), (B) Point 
Intercept Transect (PIT), (C) Random Point Video Transect 
(RPVT) and (D) Quadrat (QUAD) method in 30, 60 and 90 min of 
sampling intervals. 
Fig. 3.47 Dendrogram showing clustering of samples representing coral 144 
community structures in the 20 m x 20 m plot in CSW using 
species percentage cover data generated from (A) Line Intercept 
Transect (LIT), (B) Point Intercept Transect (PIT), (C) Random 
Point Video Transect (RPVT) and (D) Quadrat (QUAD) method in 
30, 60 and 90 min of sampling intervals. 
Fig. 4.1 Species-Area Plot generated based on data collected using the 209 
xl 
Line Intercept Transect method in the 20 m x 20 m plot in A Ye 
Wan (AYW). 
Fig. 4.2 Species-Area Plot generated based on data collected using the 209 
Point Intercept Transect method in the 20 m x 20 m plot in A Ye 
Wan (AYW). 
Fig. 4.3 Species-Area Plot generated based on data collected using the 210 
Random Point Video Transect method in the 20 m x 20 m plot in A 
Ye Wan (AYW). 
Fig. 4.4 Species-Area Plot generated based on data collected using the 210 
Quadrat method in the 20 m x 20 m plot in A Ye Wan (AYW). 
Fig. 4.5 Effect of increase in number of samples on standard error (SE) of 211 
mean species count calculated from data obtained using the Line 
Intercept Transect method in the 20 m x 20 m plot in A Ye Wan. 
Fig. 4.6 Plot of variances of standard errors against sample size for data 211 
generated in Figure 4.5. 
Fig. 4.7 Effect of increase in number of samples on standard error (SE) of 212 
mean species count calculated from data obtained using the Point 
Intercept Transect method in the 20 m x 20 m plot in A Ye Wan. 
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Fig. 4.8 Plot of variances of standard errors against sample size for data 212 
generated in Figure 4.7. 
Fig. 4.9 Effect of increase in number of samples on standard error (SE) of 213 
mean species count calculated from data obtained using the 
Random Point Video Transect method in the 20 m x 20 m plot in A 
Ye Wan. 
Fig. 4.10 Plot of variances of standard errors against sample size for data 213 
generated in Figure 4.9. 
Fig. 4.11 Effect of increase in number of samples on standard error (SE) of 214 
mean species count calculated from data obtained using the 
Quadrat method in the 20 m x 20 m plot in A Ye Wan. 
Fig. 4.12 Plot of variances of standard errors against sample size for data 214 
generated in Figure 4.11. 
Fig. 4.13 Effect of increase in number of samples on standard error (SE) of 215 
mean percent coral cover calculated from data obtained using the 
Line Intercept Transect method in the 20 m x 20 m plot in A Ye 
Wan. 
Fig. 4.14 Plot of variances of standard errors against sample size for data 215 
generated in Figure 4.13. 
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Fig. 4.15 Effect of increase in number of samples on standard error (SE) of 216 
mean percent coral cover calculated from data obtained using the 
Point Intercept Transect method in the 20 m x 20 m plot in A Ye 
Wan. 
Fig. 4.16 Plot of variances of standard errors against sample size for data 216 
generated in Figure 4.15. 
Fig. 4.17 Effect of increase in number of samples on standard error (SE) of 217 
mean percent coral cover calculated from data obtained using the 
Random Point Video Transect method in the 20 m x 20 m plot in A 
Ye Wan. 
Fig. 4.18 Plot of variances of standard errors against sample size for data 217 
generated in Figure 4.17. 
Fig. 4.19 Effect of increase in number of samples on standard error (SE) of 218 
mean percent coral cover calculated from data obtained using the 
Quadrat method in the 20 m x 20 m plot in A Ye Wan. 
Fig. 4.20 Plot of variances of standard errors against sample size for data 218 
generated in Figure 4.19. 
Fig. 4.21 Mean percentage cover (+SD) of corals in the 20 m x 20 m plot in 219 
AYW estimated by the different monitoring methods using the 
optimal sample size given in Fig. 4.1. 
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Fig. 4.22 Mean species count (+SD) of corals in the 20 m x 20 m plot in 219 
AYW estimated by the different monitoring methods using the 
optimal sample size given in Fig. 4.1. 
Fig. 4.23 Mean Margalef's Index (+SD) of coral diversity in the 20 m x 20 220 
m plot in AYW estimated by the different monitoring methods 
using the optimal sample size given in Fig. 4.1. 
Fig. 4.24 Mean Pielou's Index (+SD) of coral diversity in the 20 m x 20 m 220 
plot in AYW estimated by the different monitoring methods using 
the optimal sample size given in Fig. 4.1. 
Fig. 4.25 Mean Brillouin's Index (+SD) of coral diversity in the 20 m x 20 221 
m plot in AYW estimated by the different monitoring methods 
using the optimal sample size given in Fig. 4.1. 
Fig. 4.26 Mean Shannon-Wiener's Index (+SD) of coral diversity in the 20 221 
m X 20 m plot in AYW estimated by the different monitoring 
methods using the optimal sample size given in Fig. 4.1. 
Fig. 4.27 (A) MDS ordination plot comparing the coral community 222 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in AYW using species percentage cover data generated from 
different monitoring methods. Each other point represents the 
xliv 
community structure calculated based on the optimal sample size 
for each method. 
Fig. 4.28 (A) MDS ordination plot comparing the coral community 223 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in AYW using generic percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the optimal sample size 
for each method. 
Fig. 4.29 (A) MDS ordination plot comparing the coral community 224 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in AYW using growth form percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the optimal sample size 
for each method. 
Fig. 4.30 Mean amount of time (min) (+ SD) required to complete one 225 
sample for each monitoring method in the 20 m x 20 m plot in A 
Ye Wan (AYW). 
Fig. 4.31 Mean percentage coral cover (+SD) in the 20 m x 20 m plot in 226 
AYW estimated by the different monitoring methods within 30, 60 
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and 90 min of sampling intervals. 
Fig. 4.32 Effect of increase in sampling effort on mean percentage coral 227 
cover (+SD) estimated by the different monitoring methods in the 
20 m X 20 m plot in AYW. 
Fig. 4.33 Mean species count (+SD) in the 20 m x 20 m plot in AYW 228 
estimated by the different monitoring methods within 30，60 and 
90 min of sampling intervals. 
Fig. 4.34 Effect of increase in sampling effort on mean species count (+SD) 229 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AYW. 
Fig. 4.35 Mean Margalef's Index (+SD) in the 20 m x 20 m plot in AYW 230 
estimated by the different monitoring methods within 30, 60 and 
90 min of sampling intervals. 
Fig. 4.36 Effect of increase in sampling effort on Margalef's Index (+SD) 231 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AYW. 
Fig. 4.37 Mean Pielou's Index (+SD) in the 20 m x 20 m plot in AYW 232 
estimated by the different monitoring methods within 30, 60 and 
90 min of sampling intervals. 
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Fig. 4.38 Effect of increase in sampling effort on Pielou's Index (+SD) 233 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AYW. 
Fig. 4.39 Mean Brillouin's Index (+SD) in the 20 m x 20 m plot in AYW 234 
estimated by the different monitoring methods within 30, 60 and 
90 min of sampling intervals. 
Fig. 4.40 Effect of increase in sampling effort on Brillouin's Index (+SD) 235 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AYW. 
Fig. 4.41 Mean Shannon-Wiener's Index (+SD) in the 20 m x 20 m plot in 236 
AYW estimated by the different monitoring methods within 30, 60 
and 90 min of sampling intervals. 
Fig. 4.42 Effect of increase in sampling effort on Shannon-Wiener's Index 237 
(+SD) estimated by the different monitoring methods in the 20 m 
X 20 m plot in AYW. 
Fig. 4.43 (A) MDS ordination plot comparing the coral community 238 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in AYW using species percentage cover data generated from 
different monitoring methods. Each other point represents the 
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community structure calculated based on the 30min field sampling 
for each method. 
Fig. 4.44 (A) MDS ordination plot comparing the coral community 239 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in AYW using species percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the 60min field sampling 
for each method. 
Fig. 4.45 (A) MDS ordination plot comparing the coral community 240 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in AYW using species percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the 90min field sampling 
for each method. 
Fig. 4.46 Figure 3.46 MDS ordination plot comparing the coral 241 
community structures in the 20 m x 20 m plot in AYW using 
species percentage cover data generated from the (A) Line 
Intercept Transect (LIT), (B) Point Intercept Transect (PIT), (C) 
Random Point Video Transect (RPVT) and (D) Quadrat (QUAD) 
method in 30，60 and 90 min of sampling intervals. 
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Fig. 4.47 Dendrogram showing clustering of samples representing coral 243 
community structures in the 20 m x 20 m plot in AYW using 
species percentage cover data generated from (A) Line Intercept 
Transect (LIT), (B) Point Intercept Transect (PIT)，(C) Random 
Point Video Transect (RPVT) and (D) Quadrat (QUAD) method in 
30, 60 and 90 min of sampling intervals. 
Fig. 4.48 Species-Area Plot generated based on data collected using the 245 
Line Intercept Transect method in the 20 m x 20 m plot in A Ma 
Wan (AMW). 
Fig. 4.49 Species-Area Plot generated based on data collected using the 245 
Point Intercept Transect method in the 20 m x 20 m plot in A Ma 
Wan (AMW). 
Fig. 4.50 Species-Area Plot generated based on data collected using the 246 
Random Point Video Transect method in the 20 m x 20 m plot in A 
Ma Wan (AMW). 
Fig. 4.51 Species-Area Plot generated based on data collected using the 246 
Quadrat method in the 20 m x 20 m plot in A Ma Wan (AMW). 
Fig. 4.52 Effect of increase in number of samples on standard error (SE) of 247 
mean species count calculated from data obtained using the Line 
Intercept Transect method in the 20 m x 20 m plot in A Ma Wan. 
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Fig. 4.53 Plot of variances of standard errors against sample size for data 247 
generated in Figure 4.52. 
Fig. 4.54 Effect of increase in number of samples on standard error (SE) of 248 
mean species count calculated from data obtained using the Point 
Intercept Transect method in the 20 m x 20 m plot in A Ma Wan. 
Fig. 4.55 Plot of variances of standard errors against sample size for data 248 
generated in Figure 4.54. 
Fig. 4.56 Effect of increase in number of samples on standard error (SE) of 249 
mean species count calculated from data obtained using the 
Random Point Video Transect method in the 20 m x 20 m plot in A 
Ma Wan. 
Fig. 4.57 Plot of variances of standard errors against sample size for data 249 
generated in Figure 4.56. 
Fig. 4.58 Effect of increase in number of samples on standard error (SE) of 250 
mean species count calculated from data obtained using the 
Quadrat method in the 20 m x 20 m plot in A Ma Wan. 
Fig. 4.59 Plot of variances of standard errors against sample size for data 250 
generated in Figure 4.58. 
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Fig. 4.60 Effect of increase in number of samples on standard error (SE) of 251 
mean percent coral cover calculated from data obtained using the 
Line Intercept Transect method in the 20 m x 20 m plot in A Ma 
Wan. 
Fig. 4.61 Plot of variances of standard errors against sample size for data 251 
generated in Figure 4.60. 
Fig. 4.62 Effect of increase in number of samples on standard error (SE) of 252 
mean percent coral cover calculated from data obtained using the 
Point Intercept Transect method in the 20 m x 20 m plot in A Ma 
Wan. 
Fig. 4.63 Plot of variances of standard errors against sample size for data 252 
generated in Figure 4.62. 
Fig. 4.64 Effect of increase in number of samples on standard error (SE) of 253 
mean percent coral cover calculated from data obtained using the 
Random Point Video Transect method in the 20 m x 20 m plot in A 
Ma Wan. 
Fig. 4.65 Plot of variances of standard errors against sample size for data 253 
generated in Figure 4.64. 
Fig. 4.66 Effect of increase in number of samples on standard error (SE) of 254 
l i 
mean percent coral cover calculated from data obtained using the 
Quadrat method in the 20 m x 20 m plot in A Ma Wan. 
Fig. 4.67 Plot of variances of standard errors against sample size for data 254 
generated in Figure 4.66. 
Fig. 4.68 Mean percentage cover (+SD) of corals in the 20 m x 20 m plot in 255 
AMW estimated by the different monitoring methods using the 
optimal sample size given in Fig. 4.1. 
Fig. 4.69 Mean species count (+SD) of corals in the 20 m x 20 m plot in 255 
AMW estimated by the different monitoring methods using the 
optimal sample size given in Fig. 4.1. 
Fig. 4.70 Mean Margalef's Index (+SD) of coral diversity in the 20 m x 20 256 
m plot in AMW estimated by the different monitoring methods 
using the optimal sample size given in Fig. 4.1. 
Fig. 4.71 Mean Pielou's Index (+SD) of coral diversity in the 20 m x 20 m 256 
plot in AMW estimated by the different monitoring methods using 
the optimal sample size given in Fig. 4.1. 
Fig. 4.72 Mean Brillouin's Index (+SD) of coral diversity in the 20 m x 20 257 
m plot in AMW estimated by the different monitoring methods 
using the optimal sample size given in Fig. 4.1. 
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Fig. 4.73 Mean Shannon-Wiener's Index (+SD) of coral diversity in the 20 257 
m X 20 m plot in AMW estimated by the different monitoring 
methods using the optimal sample size given in Fig. 4.1. 
Fig. 4.74 (A) MDS ordination plot comparing the coral community 258 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in AMW using species percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the optimal sample size 
for each method. 
Fig. 4.75 (A) MDS ordination plot comparing the coral community 259 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in AMW using generic percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the optimal sample size 
for each method. 
Fig. 4.76 (A) MDS ordination plot comparing the coral community 260 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in AMW using growth form percentage cover data generated from 
different monitoring methods. Each other point represents the 
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community structure calculated based on the optimal sample size 
for each method. 
Fig. 4.77 Mean mount of time (min) (+ SD) required to complete one 261 
sample for each monitoring method in the 20 m x 20 m plot in A 
Ma Wan (AMW). 
Fig. 4.78 Mean percentage coral cover (+SD) in the 20 m x 20 m plot in 262 
AMW estimated by the different monitoring methods within 30, 
60 and 90 min of sampling intervals. 
Fig. 4.79 Effect of increase in sampling effort on mean percentage coral 263 
cover (+SD) estimated by the different monitoring methods in the 
20 m X 20 m plot in AMW. 
Fig. 4.80 Mean species count (+SD) in the 20 m x 20 m plot in AMW 264 
estimated by the different monitoring methods within 30, 60 and 
90 min of sampling intervals. 
Fig. 4.81 Effect of increase in sampling effort on mean species count (+SD) 265 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AMW. 
Fig. 4.82 Mean Margalef's Index (+SD) in the 20 m x 20 m plot in AMW 266 
estimated by the different monitoring methods within 30, 60 and 
liv 
90 min of sampling intervals. 
Fig. 4.83 Effect of increase in sampling effort on Margalef's Index (+SD) 267 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AMW. 
Fig. 4.84 Effect of increase in sampling effort on Pielou's Index (+SD) 268 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AMW. 
Fig. 4.85 Effect of increase in sampling effort on Pielou's Index (+SD) 269 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AMW. 
Fig. 4.86 Mean Brillouin's Index (+SD) in the 20 m x 20 m plot in AMW 270 
estimated by the different monitoring methods within 30, 60 and 
90 min of sampling intervals. 
Fig. 4.87 Effect of increase in sampling effort on Brillouin's Index (+SD) 271 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AMW. 
Fig. 4.88 Mean Shannon-Wiener's Index (+SD) in the 20 m x 20 m plot in 272 
AMW estimated by the different monitoring methods within 30, 
60 and 90 min of sampling intervals. 
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Fig. 4.89 Effect of increase in sampling effort on Shannon-Wiener's Index 273 
(+SD) estimated by the different monitoring methods in the 20 m 
X 20 m plot in AMW. 
Fig. 4.90 (A) MDS ordination plot comparing the coral community 274 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in AMW using species percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the 30min field sampling 
for each method. 
Fig. 4.91 (A) MDS ordination plot comparing the coral community 275 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in AMW using species percentage cover data generated from 
different monitoring methods. Each other point represents the 
community structure calculated based on the 60min field sampling 
for each method. 
Fig. 4.92 (A) MDS ordination plot comparing the coral community 276 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot 
in AMW using species percentage cover data generated from 
different monitoring methods. Each other point represents the 
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community structure calculated based on the 90min field sampling 
for each method. 
Fig. 4.93 MDS ordination plot comparing the coral community structures in 277 
the 20 m X 20 m plot in AMW using species percentage cover data 
generated from the (A) Line Intercept Transect (LIT), (B) Point 
Intercept Transect (PIT), (C) Random Point Video Transect 
(RPVT) and (D) Quadrat (QUAD) method in 30, 60 and 90 min of 
sampling intervals. Each other point represents data from one 
sampling survey. 
Fig. 4.94 Figure 4.94 Dendrogram showing clustering of samples 279 
representing coral community structures in the 20 m x 20 m plot in 
AMW using species percentage cover data generated from (A) 
Line Intercept Transect (LIT), (B) Point Intercept Transect (PIT), 
(C) Random Point Video Transect (RPVT) and (D) Quadrat 
(QUAD) method in 30, 60 and 90 min of sampling intervals. 
Fig. 5.1 Mean percentage deviations (+SD) of coral cover from baseline by 313 
data generated from Line Intercept Transect (LIT) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 
min underwater survey time and (D) 90 min underwater survey 
time. 
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Fig. 5.2 Mean percentage deviations (+SD) of coral cover from baseline by 314 
data generated from Point Intercept Transect (PIT) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 
min underwater survey time and (D) 90 min underwater survey 
time. 
Fig. 5.3 Mean percentage deviations (+SD) of coral cover from baseline by 315 
data generated from Random Point Video Transect (RPVT) using 
(A) optimal sample size, (B) 30 min underwater survey time, (C) 
60 min underwater survey time and (D) 90 min underwater survey 
time. 
Fig. 5.4 Mean percentage deviations (+SD) of coral cover from baseline by 316 
data generated from Quadrat (QUAD) using (A) optimal sample 
size, (B) 30 min underwater survey time, (C) 60 min underwater 
survey time and (D) 90 min underwater survey time. 
Fig. 5.5 Mean percentage deviations (+SD) of species count from baseline 317 
by data generated from Line Intercept Transect (LIT) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 
min underwater survey time and (D) 90 min underwater survey 
time. 
Fig. 5.6 Mean percentage deviations (+SD) of species count from baseline 318 
by data generated from Point Intercept Transect (PIT) using (A) 
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optimal sample size, (B) 30 min underwater survey time, (C) 60 
min underwater survey time and (D) 90 min underwater survey 
time. 
Fig. 5.7 Mean percentage deviations (+SD) of species count from baseline 319 
by data generated from Random Point Video Transect (RPVT) 
using (A) optimal sample size, (B) 30 min underwater survey 
time, (C) 60 min underwater survey time and (D) 90 min 
underwater survey time. 
Fig. 5.8 Mean percentage deviations (+SD) of species count from baseline 320 
by data generated from Quadrat (QUAD) using (A) optimal 
sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
Fig. 5.9 Mean percentage deviations (+SD) of Margalef's Index from 321 
baseline by data generated from Line Intercept Transect (LIT) 
using (A) optimal sample size, (B) 30 min underwater survey 
time, (C) 60 min underwater survey time and (D) 90 min 
underwater survey time. 
Fig. 5.10 Mean percentage deviations (+SD) of Margalef's Index from 322 
baseline by data generated from Point Intercept Transect (PIT) 
using (A) optimal sample size, (B) 30 min underwater survey 
time, (C) 60 min underwater survey time and (D) 90 min 
lix 
underwater survey time. 
Fig. 5.11 Mean percentage deviations (+SD) of Margalef's Index from 323 
baseline by data generated from Random Point Video Transect 
(RPVT) using (A) optimal sample size, (B) 30 min underwater 
survey time, (C) 60 min underwater survey time and (D) 90 min 
underwater survey time. 
Fig. 5.12 Mean percentage deviations (+SD) of Margalef's Index from 324 
baseline by data generated from Quadrat (QUAD) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 
min underwater survey time and (D) 90 min underwater survey 
time. 
Fig. 5.13 Mean percentage deviations (+SD) of Pielou's Index from 325 
baseline by data generated from Line Intercept Transect (LIT) 
using (A) optimal sample size, (B) 30 min underwater survey 
time, (C) 60 min underwater survey time and (D) 90 min 
underwater survey time. 
Fig. 5.14 Mean percentage deviations (+SD) of Pielou's Index from 326 
baseline by data generated from Point Intercept Transect (PIT) 
using (A) optimal sample size, (B) 30 min underwater survey 
time, (C) 60 min underwater survey time and (D) 90 min 
underwater survey time. 
Ix 
Fig. 5.15 Mean percentage deviations (+SD) of Pielou's Index from 327 
baseline by data generated from Random Point Video Transect 
(RPVT) using (A) optimal sample size, (B) 30 min underwater 
survey time, (C) 60 min underwater survey time and (D) 90 min 
underwater survey time. 
Fig. 5.16 Mean percentage deviations (+SD) of Pielou's Index from 328 
baseline by data generated from Quadrat (QUAD) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 
min underwater survey time and (D) 90 min underwater survey 
time. 
Fig. 5.17 Mean percentage deviations (+SD) of Brillouin's Index from 329 
baseline by data generated from Line Intercept Transect (LIT) 
using (A) optimal sample size, (B) 30 min underwater survey 
time, (C) 60 min underwater survey time and (D) 90 min 
underwater survey time. 
Fig. 5.18 Mean percentage deviations (+SD) of Brillouin's Index from 330 
baseline by data generated from Point Intercept Transect (PIT) 
using (A) optimal sample size, (B) 30 min underwater survey 
time, (C) 60 min underwater survey time and (D) 90 min 
underwater survey time. 
Ixii 
Fig. 5.19 Mean percentage deviations (+SD) of Brillouin's Index from 331 
baseline by data generated from Random Point Video Transect 
(RPVT) using (A) optimal sample size, (B) 30 min underwater 
survey time, (C) 60 min underwater survey time and (D) 90 min 
underwater survey time. 
Fig. 5.20 Mean percentage deviations (+SD) of Brillouin's Index from 332 
baseline by data generated from Quadrat (QUAD) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 
min underwater survey time and (D) 90 min underwater survey 
time. 
Fig. 5.21 Mean percentage deviations (+SD) of Shannon-Wiener's Index 333 
from baseline by data generated from Line Intercept Transect 
(LIT) using (A) optimal sample size, (B) 30 min underwater 
survey time, (C) 60 min underwater survey time and (D) 90 min 
underwater survey time. 
Fig. 5.22 Mean percentage deviations (+SD) of Shannon-Wiener's Index 334 
from baseline by data generated from Point Intercept Transect 
(PIT) using (A) optimal sample size，(B) 30 min underwater 
survey time, (C) 60 min underwater survey time and (D) 90 min 
underwater survey time. 
Fig. 5.23 Mean percentage deviations (+SD) of Shannon-Wiener's Index 335 
from baseline by data generated from Random Point Video 
Ixii 
Transect (RPVT) using (A) optimal sample size, (B) 30 min 
underwater survey time, (C) 60 min underwater survey time and 
(D) 90 min underwater survey time. 
Fig. 5.24 Mean percentage deviations (+SD) of Shannon-Wiener's Index 335 
from baseline by data generated from Quadrat (QUAD) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 







Hard corals belong to phylum Cnidaria, class Anthozoa, subclass Hexacorallia and 
order Scleractinia. They are called the hard or stony corals due to the presence of their 
calcium carbonate exoskeleton. These hard (scleractinian) corals can further be 
grouped into hermatypic or ahermatypic corals depending on the presence or absence 
of symbiotic algae, the zooxanthellae in their tissues respectively. Zooxanthellae 
present in hermatypic corals utilize the organic waste from the host tissue as nutrient 
and provide energy to the host coral with their photosynthetic products. Hermatypic 
corals are also called reef-building corals as their calcareous exoskeleton can pile up 
on each other to form complex and hierarchical reef structure under favorable 
conditions. 
Coral reefs are generally referred to as shallow water carbonated structure formed 
predominantly by the scleractinian corals. It is one of the most ancient ecosystems 
found on earth. Reef-like structures of one form or another have existed on earth for at 
least 2,000 million years (Veron 1995). Corals are tropical marine animals. Thus, 
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coral reefs are confined mainly between 30°N and 30°S of the equator. This ecosystem 
requires special environmental conditions for its survival and growth. Acceptable 
range of temperature for corals is generally between 18-36�� (Hubbard 1997), and 
corals can usually tolerate only 1-2°C deviation from their normal seasonal 
temperature extremes. Their optimal range of salinity is 32-40 ppt (Veron 1986) and 
they do not survive in areas with heavy freshwater runoff. Corals also require sunlight 
for their symbiotic zooxanthellae to undergo photosynthesis. Thus, corals are also 
limited to area with depth under 100m and with low sedimentation loading where 
light can penetrate. 
Although coral reefs occupy only less than 1% of the earth surface, this ecosystem is 
of prime environmental and economic importance to the world. Tropical ocean is low 
in nutrients. However, productivity of waters associated with coral reefs can be many 
thousands of times higher than the surrounding open water (Hatcher 1988). 
Consequently, coral reefs are often likened to be the 'oases' in the marine deserts 
(Hoegh-Guldberg 1999). Hundreds of thousands of species of organisms are being 
nourished inside the reef forming one of the most diverse and spectacular ecosystems 
in the world. 
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Coral reef fisheries yield at least 6 million tons of fish catches worldwide annually 
(Munro 1996). The fishery resources not only generate significant monetary wealth 
but also provide crucial source of protein for the many millions who live in the 
world's poorer societies. 
Tourism associated with coral reefs is growing at an exponential rate and this rate is 
speculated to double in the near future. For example, US$682 million were gained 
from tourists to the Great Barrier Reef, Australia (Driml 1994), and another �US$90 
billions went to reef tourisms throughout the Caribbean (Jameson et al 1995). 
Other importance of the coral reefs include but not limited to the protection of 
coastline, facilitation of the formation of coastal ecosystem such as seagrass bed and 
mangroves, pharmaceutical and scientific research opportunities and as environmental 
indicator of ecosystem health. 
Despite their great environmental and economical importance, coral reefs all over the 
world are under tremendous stress and reef degradations are happening at alarming 
rates (Wilkinson 2004). It is estimated that 20% of the world 's reef have effectively 
been destroyed with no immediate prospects of recovery; 24% are under imminent 
risk of collapse through human pressures and a further 26% are under a longer-term 
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threat of collapse. 
The observed phenomenon of reef degradation is the result of either natural or 
anthropogenic stress or a combination of both. Wilkinson (1999) reviewed possible 
sources of stress that contribute to reef degradation. They include: 
Natural threats to corals reefs 
• Geological disturbances 
• Storms and other climatic disturbances 
• Inundation by fresh water 
• Exposure during periodic low tides 
• Outbreaks of predators and disease 
Localized (direct) anthropogenic stresses to coral reefs 
• Increased sediment loads 
• Organic and inorganic pollution 
• Complex organic and heavy metal pollutants 
• Over-exploitation, especially damaging practices 
• Pollution by oil and petroleum products 
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• Effects of engineering and military damage 
Global (indirect) anthropogenic accentuation of natural impacts 
• Temperatures and coral bleaching 
• Increasing CO2 concentrations led to decrease in coral calcification 
• Increased UVB radiation 
• Changes in sea level, weather and current patterns 
To protect the vulnerable yet important coral reefs on the planet, better understanding 
of their ecosystem dynamic is urgently needed for their conservation and management. 
Therefore, different coral reef monitoring programs have been initiated in local, 
regional and global scales (Hill and Wilkinson 2004). As suggested by Wilkinson et al 
(2003)，monitoring of coral reefs can assist and identify: 
• Resource assessment and mapping 
• Resource status and long-term trends 
• Status and long-term trends of user groups 
• Impacts of large-scale disturbances 
• Impacts of human activities 
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• Performance evaluation and adaptive management 
• Education and awareness raising 
• Building resilience into Marine Protected Areas (MPAs) 
• Contributing to regional and global networks 
The history of coral reef monitoring can be dated back to the late seventies 
(Wilkinson et al 2003). There are different definitions of monitoring by different 
people. In this thesis, the definition of Wilkinson et al (2003) is adapted: "Monitoring 
is the gathering of data and information on coral reef ecosystems or on those people 
who use coral reef resource." 
For the sake of ecological and management decision, accurate and precise description 
of the distribution and abundance of organisms is of fundamental importance 
(Andrew and Mapstone 1987，Underwood 2000). However, it is generally impossible 
for biological, especially ecological research and monitoring to count or measure 
every single individual in the entire population (Cochran 1977, Andrew and Mapstone 
1987). As a result, subset of the population is drawn as samples to extrapolate and 
represent the entire population. As the pattern of the whole population is inferred from 
the sample obtained, sampling design and methodology is of sole importance to the 
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quality of the conclusion one can draw. The vast number of monitoring methods 
available leads to the question on which method is most effective and efficient. This 
has significant implication as underwater study is expensive and bottom time is 
limited. Uncritical use of methods may yield unreliable descriptions of abundance and 
thus prevent a proper understanding of biological patterns (Drummond and Connell 
2005). Finding a better answer to the question of effectiveness and efficiency of the 
sampling methodology to be employed is therefore of ultimate significance for 
researchers and reserve managers in their design of appropriate reef monitoring 
program to allow them to identify temporal and spatial patterns of variation in reef 
parameters for effective coral reef conservation and protection. However, despite the 
importance of sampling in coral reef study, it remains one of the least understood 
aspects in quantitative ecology (Loya 1978, Ohlhorst et.al 1988, Chiappone and 
Sullivan 1991). 
The effectiveness of any monitoring program is affected by many factors. Edmunds 
and Bruno (1996) demonstrated that coral species count, coral and macroalgae cover 
and abundance of juvenile corals show significant kilometer-wide variation in the 
Caribbean. Murdoch and Aronson (1999) also observed similar spatial variation of 
coral assemblages along the Florida Reef Tract. The large scale variation implies that 
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careful definition of site and choice of sampling scale is needed in the design of 
monitoring program. 
The size and shape of sampling unit used have been repeatedly shown, both 
theoretically and empirically, to have a great impact on the precision of an estimate 
(Andrew and Mapstone 1987). Pringle (1984) studied the efficiency of six sample unit 
sizes (0.25, 1.0, 1.56, 2.25, 2.99, and 4.0 m^) in assessing macrophyte biomass and 
'J 
recommended the use of a 0.25m or smaller sampling unit. Segal and Castro (2001) 
studied the optimal number of sampling points required for a 20m point intercept 
transect in Brazil. Relatively stable result for coral cover was observed when the 
number of sampling points reached 500. 
Number of replicates in a monitoring program is another main concern of reef 
scientists. The number of replicates required depends on the size, density, and spatial 
distribution of the organism being sampled (Green 1979). Species Area Curve is by 
far the most widely used procedure for sample size estimation. Bros and Cowell (1987) 
developed a technique of optimizing sample size based on the variability of standard 
error of sample mean. Power analysis is another popular optimizing procedure which 
allows the estimation of sample size required to detect a given level of perturbation 
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correctly. Its use supported by Andrew and Mapstone (1987), Cohen (1988), Sheppard 
(1999)，Carey and Keough (2002) and Ortiz (2002) as it allows the assessment of 
Type II error, which offers greater control over sampling design and more confidence 
in sample size used. 
How the sampling unit is distributed in the study area will also affect the quality of 
the monitoring program. Lewis (2004) reviewed 119 reef survey reports between 
1990 and 2001 and concluded that random sampling design is neglected in coral reef 
faunal surveys when compared to systematic and haphazard samplings. Failure to 
randomize may prevent valid comparisons between reefs to be made or may lead to 
errors in the interpretation of changes in reef condition. Permanent sampling of 
quadrats and transects were suggested for temporal study of individual corals as it can 
minimize the problem of natural variation (Hill and Wilkinson 2004). Ryan and 
Hayward (2003) showed that the precision of a survey can be improved using 
precisely defined observational units in Coral Bay, Australia. Stratified sampling was 
recommended when the density and pattern of aggregation of the population under 
study was obviously not homogeneous and varied from place to place (English et al. 
1994). The whole population can first be divided into smaller non-overlapping 
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subpopulations and then sampled independently. This allows a gain in precision in the 
estimation of the whole population (Cochran 1977). 
Parameters measured in monitoring programs differ from each other depending on the 
objective of the study. Long term changes in the structure of coral communities as a 
result of natural and anthropogenic disturbances have principally been studied by 
analyses of changes in univariate measures such as total percentage coral cover and 
various diversity and evenness indices (Warwick et al. 1990). Despite their wide 
application, diversity and evenness indices suffer from the problem of not being 
species specific. Two communities with a completely different taxonomic 
composition could have the same univariate structure (Warwick and Clarke 1991). 
Thus, more and more researchers shift to the use of species dependent multivariate 
measurement. These methods are more sensitive than traditional univariate methods 
in detecting changes in coral community structure over time (Warwick et al. 1990). 
Depending on the level of details needed, time allowed and the availability of 
expertise, taxonomic resolution used in a monitoring program can be at the species 
level, genus level, growth form level or even at the level of indicator group. 
10 
Chapter 1 
The choice of monitoring method can significantly affect the result obtained. This has 
been verified in studies on other marine benthic groups such as marcoalgae (Leonard 
and Clark 1993, Miller et al. 1993) and in other marine communities such as the 
intertidal rocky shore (Foster et al. 1991, Meese and Tomich 1992, Dethier et al. 1993, 
Benedetti-Cecchi et al. 1996, Miller and Ambrose 2000; Drummond and Connell 
2005). The performance of different coral reef monitoring methods has also been 
investigated in different parts of the world. 
Generally speaking, visual assessment method is prone to observer's bias 
(Kenchington 1978). Study of Vogt et al. (1997) showed that manta tow gave 
considerable overestimation when compared with random point video transect. In 
spite of this，however, visual assessment methods such as Rapid Ecological 
Assessment (REA) used primarily by The Nature Conservancy and Reef Resource 
Inventory (RRI) (Long et al. 2004) are widely used by reef researchers to obtain rapid 
general information on the nature and pattern of large area. 
Dodge et al. (1982) studied the performance of intersected-length, quarter point, point 
and belt quadrat transect methods in three sites in Bermuda. They suggested that all 
these methods provided principally similar results in terms of coral cover, species 
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density, Shannon-Wiener's index and Pielou's index. The belt-quadrat method was 
recommended for sampling sites with rarer or smaller sized coral colonies. Bouchon 
(1983), Ang et al (2004a, 2006)，Garcia-Sais et al. (2005)，Giyanto (2005) also found, 
in general, no significant difference between monitoring methods they examined 
when more than one method was simultaneously applied to assess the same coral 
community. All these authors suggested that there are inherent advantages and 
disadvantage among methods. For example, random point video transect method 
provides more information as larger reef area is sampled. But the effectiveness of the 
method could be limited by water clarity. Chain transect method can provide a 
3-dimensional perspective of the reef that is not sampled by other methods. 
The use of video or photography was supported by early studies of Bohnsack (1979) 
and Carleton and Done (1995). Bohnsack (1979) showed that underwater 
photography can yield highly comparable data on benthic percent cover with 
underwater visual estimate. Carleton and Done (1995) studied the large-scale 
application of random point video transect and line intercept transect. The advantages 
of rapid production of permanent record and cost-saving in field expense made the 
random point video transect a good candidate in reef monitoring, especially in 
large-scale application. However, the study of Edmunds et al. (1998) in U.S. Virgin 
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Island, Florida Keys and Belize showed that photographic method gave substantially 
lower estimate in juvenile coral density than visual census. The discrepancies are a 
result of juvenile corals growing in microhabitats where they cannot be quantified in 
planar photograph. 
Point quarter, point intercept transect, line intercept transect and photographic transect 
methods were compared in an UNESCO workshop (UNESCO 1984). Although the 
species dominance pattern estimation was found to be similar between different 
methods, percent live coral cover did vary a lot. For example, 72.9% and 28.6% coral 
covers were estimated by transect/quadrat and point quarter respectively in one of the 
zones surveyed. Chiappone and Sullivan (1991) compared species presence and 
absence list, line transect using Im x Im grid and linear percentage sampling in 
evaluating stony coral community similarity and area coverage on reefs of central 
Bahamas. They considered linear percentage sampling to be too conservative and 
suggested the use of line transect with Im x Im grid as a better method in determining 
the distribution patterns of reef community. 
The effectiveness of underwater monitoring method was more intensively studied by 
Goodwin et al. (1976) and Weinberg (1981). Both of them enumerated a complete 
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population within an area of 400m^ and lOOm^ respectively after sampling and then 
applied different monitoring methods inside the mapped area. Goodwin et al. found 
that at least 15% of the total area should be sampled by transect method to provide 
satisfactory result in reef structure. Weinberg suggested that the point-intercept 
method should be discarded in reef monitoring due to its poor performance and Im x 
Im quadrat stands out as the most practical, versatile and reliable method. 
Computer simulation was used by Kinzie and Snider (1978) and Ohlhorst et al (1988) 
to study monitoring methods and their relationships with the reef spatial pattern. Both 
these authors applied the line intercept transect, point intercept transect, quadrat and 
quadrat point method in computer generated reef of different degrees of colony 
dispersion. Kinzie and Snider (1978) suggested that none of these methods gave 
accurate description of the simulated coral population. On the other hand, Ohlhorst et 
al (1988) suggested that the two plotless methods were most efficient in giving 
satisfactory description of the reef. Spatial heterogeneity of the reef showed no effect 
on the performance of the monitoring method, and Ohlhorst et al suggested that this 
unexpected result was worth further investigation. 
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Apart from accuracy, precision is another important component to be considered. 
Established monitoring methods generally show high reproducibility. Both random 
point video transect (Carleton and Done 1995, Ninio et al 2003) and manta tow 
(Miller and Muller 1999) showed no inter-observer difference in total percentage 
coral cover. Besides, data derived from volunteers showed no significant deviation 
from those obtained by field staff for both rapid ecological assessment (Mumby et al 
1995) and point intercept transect (Harding et al 2000). 
Although the performance of monitoring methods used in coral reef has been 
compared in different studies, a clear distinction of the performance being evaluated, 
i.e. in terms of its accuracy or precision, is needed in any attempt to evaluate a given 
monitoring method. Accuracy is defined as the closeness of a measurement or 
estimate to the true value of the variable being measured or parameter being estimated. 
A method is said to be biased if it repeatedly and predictably gives inaccurate 
estimation. Accuracy can only be assessed when the data obtained by the monitoring 
methods are compared with a true value obtained from the population or community. 
Precision refers to the degree of concordance among a number of measurements or 
estimates for the same population. Accuracy generally cannot be inferred from 
precision. Precision and accuracy are truly synonymous only when no methodological 
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biases exist (Andrew and Mapstone 1987). It is clear that most of the available studies 
comparing monitoring methods in coral reef focused on precision rather the accuracy 
of the data generated from these methods. The accuracy of monitoring methods was 
only assessed by Goodwin et al. (1976), Kinzie and Snider (1978), Weinberg (1981) 
and Ohlhorst et al (1988) based on computer simulated reef data. 
Given the number of studies that has already been carried out, the question on what is 
the best monitoring method remains controversial as different researchers have 
arrived at different conclusions. Understanding the performance of monitoring 
methods in terms of their accuracy and relative efficiency using both univariate and 
multivariate measurements in field study is limited. In fact, published data on the true 
values of reef parameters are wanting except for Weinberg (1981) and some which 
were generated from computer simulations (Kinzie and Snider 1978, Ohlhorst et al. 
1988). Field study is needed to verify results from these computer based studies. It is 
because simulation study tends to over-simplify the complex nature of the dynamic 
ecosystem. Extrapolation from computer to nature should be treated cautiously 
(Andrew and Mapstone 1987). Besides, placement or alignment errors of the 
measuring device can introduce significant changes to the domain being sampled in 
the field (Miller et al. 2000) and is difficult to be simulated in the computer. Last but 
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not the least, SCUBA diver conducting underwater survey would face tremendous 
physiological and psychological challenge such as immersion in cold water, agitation 
by waves and current, simple fatigue, and nitrogen narcosis in deep dive (Ohlhorst et 
al. 1987, Drummond and Connell 2005). All these factors would contribute to the 
quality of the results obtained. These human components in field studies are not likely 
to be addressed by computer simulations. 
On top of this, the effect of reef characteristics, e.g. percent coral cover or species 
richness, on the performance of monitoring method has never been clearly resolved. 
More effort is thus needed to investigate the performance of different monitoring 
methods in coral communities in order to help understand the ecological processes in 
a reef system and to assess changes associated with the reef biota (McCorry 1994). 
The results obtained will be valuable for the design of future monitoring program and 
coral community study and will be essential for the conservation of coral 
communities. 
1.2 Objectives 
Given the need to further evaluate reef monitoring methods, this thesis research has 
therefore the following objectives: 
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• To evaluate the accuracy, precision and efficiency of four of the most commonly 
used coral reef monitoring methods, including Line Intercept Transect, Point 
Intercept Transect, Random Point Video Transect and Quadrat methods. 
• To investigate the role of reef characteristics, i.e. percent coral cover and species 
richness, on the performance of these monitoring methods 
1.3 Monitoring methods investigated in this research 
Nowadays, different monitoring methods are employed by different researchers for 
use in monitoring programs, from underwater methods derived from traditional 
transects and quadrat to above water methods employing modern technology such as 
remote sensing (Mumby et al 1997, Purkis and Riegl 2005) and hydroacoustics (Lee 
2000). However, due to the availability of equipment and ease of operation, 
underwater methods remain the main method used in reef study. Four most popularly 
used coral reef monitoring methods are compared and evaluated in this research 
(Figure 1.1). They are briefly described here with more details given in Chapter 3. 
Line Intercept Transect (LIT) 
This method is one of the first methods used in quantitative study of coral community 
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(Loya 1978). The method is extensively used in coral reef for the study of community 
structure, zonation and diversity pattern. It is the standard method recommended by 
the Global Coral Reef Monitoring Network (GCRMN) (English et al 1997) and has 
also been used in coral community monitoring in Hong Kong (Oceanways 2002, Ang 
et al. 2004a, 2004b，2006). In the field, a tape or transect is first laid close to the 
bottom. Observer then swims slowly along the transect and in situ recorded down the 
benthos substratum encountered and transition point in cm. 
Point Intercept Transect (PIT) 
This method is modified from LIT and is recommended when underwater time is 
limited (Hill and Wilkinson, 2004). The field procedure of this method is similar to 
that of LIT. However, substratum directly under regular intervals instead of 
intercepted by the length of the tape or transect is recorded in situ by the SCUBA 
diver. The method is used by monitoring programs such as Reef Check, 
Mesoamerican Barrier Reef System Synoptic Monitoring Program (MBRS SMP) and 
Reef Keeper (Hill and Wilkinson 2004). 
Random Point Video Transect (RPVT) 
This method is comparatively new (probably used since 1990,s) but now has been 
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widely employed in different monitoring programs around the world, including 
Global Coral Reef Monitoring Network (GCRMN), Australian Institute of Marine 
Science Long Term Monitoring Program (AIMS LTMP), Hawai'i Coral Reef 
Assessment and Monitoring Program (CRAMP), Florida Keys National Marine 
Sanctuary Coral Reef Monitoring Program (FKNMS CRMP) and was also employed 
in coral monitoring program in Hong Kong marine parks (Oceanways, 2002, Ang et 
al 2004a, 2004b, 2006). In practice, a belt width transect is videotaped in the field. 
The videotape of each transect is played back with regular pauses to capture 
individual frame. Each transect is paused at individual video frames at fixed time 
intervals to ensure no overlap between frames. Point sampling method is conducted 
using acetate sheet with fixed random co-ordinates marked in front of the TV monitor 
during playback. The benthos underneath the point is identified and recorded. 
Quadrat (QUAD) 
Quadrat method is used in assessing coral community since 1970’s. It is now 
employed by reef monitoring programs of the Commission de 1’Ocean Indien (COI) 
and Atlantic and Gulf Rapid Reef Assessment (AGRRA). In practice, a square quadrat 
is haphazardly placed on the benthos and different assessment techniques such as 
visual, point and photo can be used in determining the percentage cover of different 
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benthos inside the quadrat. 
1.4 The distribution of corals in Hong Kong 
Hong Kong is a typical subtropical area where winter is not severe but seasonal 
changes between summer and winter can still be observed. Northeast monsoon occurs 
from October to March while the southwest monsoon takes place from April to 
September. Furthermore, typhoons occur more frequently in summer. These seasonal 
changes in wind direction contribute to changes in oceanic current patterns. The 
Taiwan current brings cold water from the northeast in winter and the Hainan Current 
flows into Hong Kong Waters from the southwest in summer (Hodgson and Yau 
1997). The seawater temperature ranges from 14°C in winter to 30^C in summer. The 
western Hong Kong waters are highly affected by the Pearl River discharge, resulting 
in high turbidity and low salinity. 
Hong Kong is located at the northern margin of the tropical Indo-West Pacific region 
of high coral diversity and is not an ideal place for corals to grow. The discharge of 
Pearl River has restricted the growth of corals in western Hong Kong water and the 
low seawater temperature in winter poses stress to the survival of corals. Thus, no 
extensive reef system can be found in Hong Kong waters, but nevertheless patches of 
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coral communities can still be found especially in the eastern and northeastern parts of 
Hong Kong. 
There are 84 scleractinian coral species currently recorded from Hong Kong (Ang et 
al. 2003). They belong to 28 genera in 12 families. The number of species within the 
top five families in descending order is as follows: Faviidae (10 genera, 38 species), 
Poritidae (3 genera, 12 species), Acroporidae (2 genera, 11 species), Siderastreidae (3 
genera, 6 species) and Mussidae (2 genera, 6 species) (Ang et al 2003). These major 
coral families are the main components of most healthy coral communities in the 
eastern and northeastern parts of Hong Kong such as Tung Ping Chau, Kat O, Hoi Ha 
Wan, Port Island and some places in Sai Kung such as the Bluff Island and Sharp 
Island (Figure 1.2). 
Biological survey of local coral communities in Hong Kong started in the late 1970's 
by different parties (see review in Ang et al. 2005). Dedicated biological monitoring 
program of coral communities was initiated only in mid 1990，s (Ang et al. 2005，Tarn 
1998, 2005) in Hong Kong marine parks (Oceanways 2002, Ang et al 2004a, 2004b, 
2006). Reef Check was also introduced, now covering 33 sites (Ang et al. 2005). 
These monitoring programs provide the essential information for the management and 
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conservation of local coral communities. 
1.5 Study sites 
This study was carried out in Tung Ping Chau (22°32'N, 114°25'E), an isolated island 
in the northeastern part of the Hong Kong Special Administrative Region (HKSAR), 
China (Figure. 1.3). It was first reported to have intertidal corals among its rock pools 
by Morton and Morton (1983). Later studies revealed that the waters around the island 
support healthy coral communities (Binnie 1998，Tarn 1998, Wong 1998, Ang et al, 
2000). Therefore, it was designated as the fourth Hong Kong marine park in 
November 2001 under the Marine Parks Ordinance (Chapter 476) of the HKSAR. 
Tung Ping Chau Marine Park has a total size of 270 hectares. This small island 
supports rich marine biodiversity. The southwestern side is exposed to strong wave 
action that provides an excellent area for the growth of marco-algae, mainly 
Sargassum spp. Rich community of soft corals and gorgonians can also be found in 
the deeper water region of the southeastern side of the island. The northeastern side is 
more sheltered and supports an extensive formation of corals. With 65 species of 
Scleractinian corals recorded, the island has the highest coral diversity in Hong Kong 
with live coral covering more than 60% of the substratum in some areas (Ang et al 
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2000, 2003, 2006). With the exception of Pavona decussata, massive corals from the 
families of Faviidae and Poritidae dominate in the two core coral areas. Corals under 
the genera of Platygyra, Pontes, Leptastrea, Goniopora, Favia and Favites are 
abundant inside the marine park. 
Two main patches of coral community are designated as core areas inside the marine 
park based on the results from an intensive underwater survey conducted in 1997 
(Ang et al 2000). The more extensive patch is in A Ma Wan (AMW) on the northeast 
of the island, and the less extensive one is in A Ye Wan (AYW) to the north of the 
island. While another patch of coral community with sparse coral cover can be found 
in Cheung Sha Wan (CSW), which is also located on the northern side of the island. 
Coral communities can extend to around 250m from the shore and hard corals are 
most abundant in the shallow water region from - I m CD to -3m CD. Overall coral 
coverage in AYW is lower than that in AMW due to the presence of a large sand belt 
along -2m CD. Coral community in CSW is poorly studied and until recently, 
virtually no information on its coral cover is available. The difference in reef 
characteristics of the three coral patches in terms of coral covers and coral species 
richness makes them suitable candidate sites for the assessment of the effect of reef 
characteristics on the performance of reef monitoring methods in this research. 
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1.6 Thesis Outline 
This thesis is divided into six chapters. Each chapter is briefly described as follows: 
Chapter 1 General Introduction 
This chapter gives a general background on the ecological and economic importance 
of coral reefs and the threats they are facing, the need to monitor coral reefs as well as 
comparative studies on the performance of different monitoring methods. The 
rationale for carrying out this thesis research, the specific objectives and target 
monitoring methods used are given with a general picture of coral distribution in 
Hong Kong and in the study area, Tung Ping Chau, as well as the general 
characteristics of the specific sites, Cheung Sha Wan, A Ye Wan and A Ma Wan where 
comparative studies on the performance of reef monitoring methods were employed. 
Chapter 2 Coral Mapping in Cheung Sha Wan, A Ye Wan and A Ma Wan, Tung Ping 
Chau 
The detailed information of a 20m x 20m coral community in each site is described. 
Coral cover and species count and composition as well as different biodiversity 
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indices in each site are presented. These data provide the baseline information for the 
assessment of the performance of four commonly used monitoring methods given in 
subsequent chapters. 
Chapter 3 Evaluation of monitoring methods in Cheung Sha Wan, Tung Ping Chau, 
a coral community with low (< 10%) coral cover 
Four monitoring methods were applied inside the mapped 400m area in Cheung Sha 
Wan with <10% of coral cover. Their performance was evaluated based on the 
accuracy and precision of different biodiversity parameters and indices calculated and 
compared with the baseline values. The optimal sample size needed was estimated 
and the performance of the monitoring methods under time limitation was also 
evaluated. 
Chapter 4 Evaluation of monitoring methods in A Ye Wan and A Ma Wan, Tung 
Ping Chau: Coral communities with mid to high percent coral cover (25% to 50%) 
A Ye Wan and A Ma Wan represent areas with mid to high percent coral covers. The 
four commonly used monitoring methods were employed inside the mapped 400m^ 
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area in A Ye Wan and A Ma Wan and their performance was evaluated based on the 
accuracy and precision of different biodiversity parameters and indices calculated and 
compared with the baseline values. The optimal sample size needed was estimated 
and the performance of the monitoring methods under time limitation was also 
assessed. 
Chapter 5 Role of community characteristics on the performance of monitoring 
methods 
In this chapter, the findings in the previous three chapters are synthesized to 
investigate the role of community characteristics on the performance of the 
monitoring methods. Recommendations on the choice of monitoring methods are 
given. 
Chapter 6 Summary and Perspectives 
Summary of the findings in this research is given. The significance of these findings 
is discussed with respect to the future of coral community monitoring program in 
Hong Kong and elsewhere. 
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Figure 1.1 Schematic diagram showing the application of the four commonly used 
monitoring methods: Line Intercept Transect (LIT), Point Intercept 
Transect (PIT), Random Point Video Transect (RPVT), and Quadrat 
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Figure 1.3 Map of Tung Ping Chau showing the three study sites, CSW, AYW and 




Coral Mapping in Cheung Sha Wan, A Ye Wan and A Ma Wan, Tung 
Ping Chau 
2.1 Introduction 
Monitoring programs were initiated all over the world to assess the status of coral 
reefs and to assist ecological and management decision on them. For biological or 
ecological research and monitoring, it is generally impossible to count or measure 
every single individual in the entire population (Andrew and Mapstone 1987, 
Cochran 1977). Therefore, monitoring methods were developed to sample the 
population and to use the data to infer a more comprehensive picture of the 
population. Vast numbers of monitoring method are now available, However, these 
methods vary in their accuracy and precision. Uncritical use of any method may 
yield unreliable description of abundance and prevent a proper understanding of the 
biological patterns in the reef community (Drummond and Connell 2005). Hence, 
better understanding of the performance of the monitoring methods used is of 
fundamental importance. 
To date, most of the monitoring programs employ multiple parameters in their 
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evaluation of reef conditions (see review by McCorry 1994). Coral cover and species 
count are the two most commonly used parameters in coral reef monitoring program 
as they offer the most direct reflection on the status of the coral reef. Univariate 
measure of diversity is also commonly used in data analysis. Magurran (1988) 
pointed out that diversity has remained a central theme in ecology and is used as 
indicators of the well being of ecological systems. There are many different ways to 
measure ecological diversity. For some, such as Margalef's Index, the emphasis is on 
species richness. Others such as Pielou 's Index, emphasize species equitability, while 
both species richness and evenness are taken into account in Brillouin 's and 
Shannon-Wiener ’s Indices. 
However, no matter what parameters one chooses to study, it is unlikely that bias can 
be completely eliminated. In biological research, some biases are always assumed to 
be, at least potentially, present (Andrew and Mapstone 1987). In understanding the 
performance of the reef monitoring methods, evaluation of their accuracy is one of 
the most important yet challenging tasks. Accuracy can only be assessed when the 
data obtained by the monitoring methods can be compared with some absolute or 
true value of the population. Since true assessment of accuracy is always extremely 
expensive in time and effort, knowledge of absolute abundance is unwarranted and is 
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not of primary interest in many studies (Caughley 1977). Still, studies to test the 
accuracy of reef monitoring methods have been conducted by computer simulation 
(Kinzie and Snider 1978, Ohlhorst et al. 1988) or by a complete count of a 
population in a comprehensive sampling of the fixed area of a reef community 
(Goodwin et al 1976, Weinberg 1981). 
Simulation studies employ the computer to generate a reef system with a priori 
knowledge of its absolute abundance of organisms. Monitoring methods are then 
sampled directly on this reef system. Simulated sampling saves time and resources 
and is flexible, making it a suitable candidate to assess the accuracy of the 
monitoring program. Kinzie and Snider (1978) generated a reef system with an area 
of 12m xl2m by the computer and used it to evaluate the accuracy of four visual 
survey methods commonly used in the field study of corals, including line intercept 
transect, point intercept transect of two point intensity and quadrat point. Their 
results suggested that none of these methods were giving accurate description of the 
simulated coral population. Similarly, Ohlhorst et al. (1988) tested the accuracy of 
four commonly used reef monitoring methods using computer stimulation. Reef 
systems of 25m^ area, composed of 10 coral species with fixed 20 cm diameter of 
colony size were generated. Monitoring methods were there applied inside this a 
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priori known system to assess their performance. In their results, the linear point 
intercept method was found to be the most efficient. 
Despite the high time and effort needed, field monitoring methods are still favored 
by coral reef workers. It is because coral reef is a complex and dynamic ecosystem. 
Unless the simulations are constructed with a sound knowledge about the 
distribution of the organisms in their natural conditions, extrapolation from computer 
to nature should be treated cautiously (Andrew and Mapstone 1987). Besides, 
placement or alignment errors of the measuring device are hardly avoidable in the 
field. This limitation can introduce significant changes to the domain being sampled 
(Miller et al 2000) and is difficult to be simulated in the computer. Last but not the 
least, SCUBA diver conducting underwater survey would face tremendous 
physiological and psychological challenges such as emersion in cold water, agitation 
by waves and current, simple fatigue, and nitrogen narcosis in deep dive (Ohlhorst et 
al. 1987, Drummond and Connell 2005). All these factors would affect the quality of 
the results obtained. These human components in the field are not likely to be 
addressed by computer simulations. 
Goodwin et al. (1976) have enumerated completely a population in an area of 400m^ 
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in Grenadian West Indies, Caribbean Sea. The whole sampling area was delineated 
using 10m x 10m rope grid and divided into 400 Im x Im quadrat. Coral species 
richness and density were estimated using SCUBA diver. The information obtained 
was used to assess the performance of grid, transect and random quadrat methods on 
the study of species association and density using cluster analysis and Jaccard's 
coefficient. These authors found that the result from grid method was accurate but 
highly variable. If only dominant species were of primary concern, parallel transects 
perpendicular to the shoreline will provide a reasonably accurate picture. On the 
other hand，a series of 4m quadrats would be preferred if less abundant species are 
of primary concern. 
Weinberg (1981) mapped an experimental plot of 100 m^ in detail by means of 
underwater photography and in situ drawings of a Caribbean shelf reef off Southwest 
Puerto Rico. The information was used as an objective standard to test the result 
obtained by seven survey methods, including linear and planar point intercept, line 
intercept transect, in situ drawn maps of quadrats, photographic record of reef 
section and counting of individual colonies and visual quadrat. Species count, 
coverage and population density were used as selection criteria, combined with the 
consideration of equipment and underwater survey time to evaluate the performance 
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of the monitoring methods. The use of visual quadrat was suggested to be given the 
first priority as the most practical, versatile and reliable method. 
It is obvious that the assessment of accuracy of monitoring methods is essential to all 
coral reef studies. Given the advantage of field study over computer simulation, field 
study deserves to be considered as a better option to be used in assessing the 
monitoring methods. In situ mapping of coral communities allows the provision of 
an objective standard for the evaluation of the accuracy of monitoring method in 
field study. However, this issue has only received limited attention and very few 
attempts have been made to study the performance of monitoring methods in coral 
communities under field conditions. Since reliable reef data are essential for the 
understanding of the ecological processes in the coral reef, field study to evaluate the 
performance of coral reef monitoring methods is urgently needed. 
In this study, three 20m x 20m experimental plots in three areas with different coral 
covers, hence reef characteristics, were mapped in order to find the absolute true 
value of some parameters of the communities such as percent coral cover and coral 
species count. These information will be used to make comparison with data 
generated from selected monitoring methods in order to evaluate their performance. 
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2.2 Study sites 
The study was carried out in Tung Ping Chau Marine Park of the Hong Kong Special 
Administrative Region (HKSAR), China. General description of this island is given 
in Chapter one. Previous studies have shown this island to be fringed with coral 
communities on its north and northeastern shores (Ang et al 2000, 2006). Three sites 
in the marine park were selected for this study; they are Cheung Sha Wan (CSW), A 
Ye Wan (AYW) and A Ma Wan (AMW), representing coral communities with 
different percent coral covers and coral diversities. 
Cheung Sha Wan is located on the north shore of Tung Ping Chau. Coral community 
in Cheung Sha Wan was poorly studied in the past so until recently, there was 
virtually no information available. It is generally a sandy area. Only some isolated 
coral colonies can be found around the shallow water region from - I m to -3m CD 
(Chart Datum). Small community of patchily distributed corals can be found in the 
deeper water region from —3m to -5m CD. The area is mainly dominated by 
Platygyra acuta. Pontes lutea and Acropora spp. 
A Ye Wan is also located along the north shore of the island, adjacent to Cheung Sha 
Wan. It is one of the core protection areas in the marine park. Highest coral cover can 
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be found in the shallow water region from - I m to —3m CD, and a large sand belt is 
present around the water depth of -2m CD. Based on the monitoring data from Ang 
et al. (2004)，17.14% (±9.81%) live coral cover and 26 species belonging to 11 
genera were recorded in the permanent transects surveyed in A Ye Wan. Platygyra 
acuta, Platygyra carnosus and Leptastrea purpurea were the three most dominant 
species recorded in the monitoring. 
A Ma Wan is located on the northeastern side of the island and is also one of the core 
protection areas in the marine park. The coral community there is one of the largest 
in Hong Kong with a total area of at least 35,000 m^ (Ang et al 2000). Highest coral 
cover can be found in the shallow water region from - I m to —3m CD. Based on the 
monitoring data from Ang et al. (2004), 46.15% (±9.58%) live coral cover and 39 
species belonging to 17 genera were recorded in the permanent transects surveyed in 
this site. Platygyra acuta, Pavona decussata and Pontes lute a were the three most 
dominant species recorded in the monitoring. 
2.3 Methods and Materials 
2.3.1 Fieldwork procedure 
An area of 20m x 20m was selected in each study site (at —Im to -3m CD in AYW 
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and AMW, -2m to -4m CD in CSW). Each 400 m^ area was marked with steel stack 
at each corner and at 5m intervals on each side of the square. The stacks were labeled 
and served as the permanent markers for easy relocation of the study area. 
For each marked 400 m^ study area, accurate count of the number of coral species 
present and their coverage was obtained using video quadrat by SCUBA diving. A 
20m transect was placed on one side of the marked area, with another 20m transect 
running perpendicular to it at 0.5m intervals. A 0.5m x 0.5m quadrat, which was 
sub-divided into four 0.25m x 0.25m squares, was placed alongside the 
perpendicular transect each time (Figure 2.1). All corals present in the quadrat were 
identified in situ to species level based on the taxonomic reference of Veron (2000) 
and Ang et al. (2003) and noted down on underwater slate. Images of the quadrats 
were recorded by SONY Hi8 camcorder TR-2000 in Amphibico Dive Buddy 
underwater housing (Amphibico, Montreal, Canada) in CSW and SONY digital 
camcorder DSR-PD170P in Amphibico PD 170 underwater housing in AYW and 
AMW. Close up of the subdivided squares was video taped to increase resolution of 
the image recorded. The quadrat was then moved up 0.5m interval alongside the 
perpendicular transect and the same procedure was repeated, yielding 40 quadrats in 
each transect. After finishing the whole transect, the perpendicular transect was 
moved sideway at 0.5m intervals and the same procedure of quadrat laying and video 
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taking was repeated, yielding coverage data for a total of 40 transects in the study 
area. The whole 400 m^ area was covered by 1,600 video quadrats (40 transects x 40 
quadrats) after the intensive survey. 
2.3.2 Laboratory work procedure 
The image recorded in the field was played back in the laboratory and the image 
from each subdivided square (0.25m x 0.25m) was captured using the software 
Cap View TV. All corals inside the quadrat were identified with the aids of the notes 
jotted down in the field and their area covers were measured using the computer 
image analysis program, Image-Pro Plus ver 5.0 (Media Cybernetics, USA). The 
area cover of other sessile organisms, including sea anemone and sponge, were also 
calculated in the same way and grouped into a category as “others”. 
2.2.3 Data analysis 
The area cover of each coral species was converted into percentage cover using the 
following formula: 
2 2 
Total percentage cover 二 Total area cover (m ) / 400 m . 
Common diversity indices were calculated by the computer program PRIMER 6 
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using the total percentage cover of each coral species (as unit of measurement 
recommended by Clarke and Warwick (2001). Diversity indices calculated include: 
Margalef's index{d) (Margalef 1958): 
d = {S-\)l\og^N 
where S is the total number of species, N is the total percentage coral cover 
Pielou 's evenness index {J') (Pielou 1966): 
J' = H' / loge5' 
where H’ is Shannon-Wiener 's diversity index H’ (see below) and S is total 
number of species 
Brillouin ’s index (H) (Pielou 1975): 
H = (logeyV!-Zloge 
where N is the total number of species, rij is the total area of coral species i 
Shannon-Wiener ’s diversity index (H') (Shannon and Weaver 1948): 
H' = -YjPi logeO/) 




2.4 Results and Discussion 
2.4.1 Species count 
Based on the intensive survey, a total of 47 species belonging to 17 genera, 43 
species in 20 genera and 53 species in 21 genera were recorded inside the 400 m^ 
mapped area in Cheung Sha Wan (CSW), A Ye Wan (AYW) and A Ma Wan (AMW) 
respectively (Tables 2.1 and 2.2) . Although only a small portion of AYW and AMW 
was sampled (400m^) in this study, the number of species recorded is higher than that 
reported in other monitoring studies in these areas (Tarn 1998，Ang et al. 2004). This 
is because of the intensive survey effort employed by video quadrat mapping. CSW 
has received virtually no attention in the past coral research and monitoring program. 
However, the unexpected high species richness record in CSW (47 species) indicates 
that this sandy embayment should receive more attention in the future. 
2.4.2 Coral coverage 
AYW and AMW host the two largest coral patches around the island. The percent 
coral cover recorded inside the 400 m^ mapped areas for AYW and AMW were 
26.16% and 46.52% respectively. The percent coral cover in CSW inside the 400 m^ 
mapped area was 9.49% (Table 2.2). The results obtained in AYW and AMW are 
comparable to those from the previous studies in these areas (Tarn 1998, 2002, Ang 
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et al, 2004). 
2.4.3 Species composition 
The top 10 dominating species inside the 400 m^ mapped areas in CSW, AYW and 
AMW is summarized in Figures 2.2, 2.3 and 2.4 respectively. All three sites were 
generally dominated by massive coral. In CSW, coral heads were sparsely distributed 
in small patches. The mapped area was dominated by Pontes lute a (3.76%) and no 
other species contributed > 1% of coral coverage. Other abundant species included 
Cyphastrea serai Ha (0 .84%), Acropora digit if era (0 .65%) and Favites flexuosa 
(0.56%). On the other hand, dense coral patches were found in both mapped areas in 
AYW and AMW. The coral community in AYW was dominated by Pontes lute a 
(5.00%), Platygyra acuta (4.95%), Leptastrea purpurea (2 .88%) and Favites 
flexuosa (2.56%) while that in AMW was dominated by Platygyra acuta (19.73%) 
and Pavona decussata (11.66%), which in total already contributed to over 30% of 
the coral coverage. Other dominating species in AMW included Goniopora columna 
(2.60%) and Acropora tumida (1.87%). 
2.4.4 Diversity index 
The diversity indices of the three mapped areas in CSW, AYW and AMW are 
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tabulated in Table 2.2. Different diversity indices emphasize the species richness and 
equitability component of the diversity to varying degrees. The Margalef's Index of 
CSW (20.44) is much higher than that of AYW (12.87) and AMW (13.54). This is 
mainly due to the exceptionally high level of species richness but low coral coverage 
at CSW. For Pielou's index, AMW shows a substantially lower value (0.50) than 
CSW (0.62) and AYW (0.68) because of the over dominance of Platygyra acuta 
(19.73%) and Pavona decussata (11.66%) in the area. 
All the figures above provided an objective reference for the assessment of the 
accuracy of monitoring method. These information will be used to make comparison 
with data generated from selected monitoring methods in order to evaluate their 
performance. This allows questions on the accuracy and precision of the sampling 
� 
methods and the effect of reef characteristics on these methods to be addressed. Most 
of the previous studies had failed to address these questions. 
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Table 2.1 List of Scleractinian corals recorded inside the 400m^ mapped area in the 
three study sites: Cheung Sha Wan (CSW), A Ye Wan (AYW), A Ma Wan 
(AMW). 
Family Genera Species CSW AYW AMW 
Apcror idae Acropora digitifera x x x 
Acropora glauca x x x 
Acropora pruinosa x x 
Acropora tumida x x x 
Montipora mi His x x x 
Montipora hoffmiesteri x 
Montipora peltiformis x x x 
Montipora turgescens x x x 
Montipora turlensis x x 
Montipora venosa x x x 
Agaric i idae Pavona decussata x x x 
Astrocoeni idae Stylocoeniella guentheri x x x 
Dendrophyl l idae Turhinaria peltata x x x 
Faviidae Cyphastrea chalcidicum x x x 
Cyphastrea japonica x x x 
Cyphastrea microphthalma x x x 
Cyphastrea serailia x x x 
’ Favia favus x x x 
Favia helianthoides x 
Favia lizardensis x x x 
Favia maritima x 
Favia rotumana x x x 
Favia speciosa x x x 
Favia veroni x x 
Favites abdita x x x 
Favites chinensis x x 
Favites complanata x 
Favites flexuosa x x x 
Favites paraflexuosa x 
Favites pentagona x x x 
Goniastrea aspera x x x 
Goniastrea favulus x x 
Leptastrea pruinosa x x x 
Leptastrea purpurea x x x 
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Table 2.1 List of Scleractinian corals recorded inside the 400m^ mapped area in the 
three study sites: Cheung Sha Wan (CSW), A Ye Wan (AYW), A Ma Wan 
(AMW). (cont'd) 
Family Genera Species CSW AYW AMW 
Faviidae (cont'd) Montastrea curia x x 
Oulastrea crispata x x x 
Platygym acuta x x x 
Platygyra carnosus x x x 
Platygyra ryukyuensis x x 
Platygyra verweyi x x 
Platygyra yaeyamensis x x 
Plesiastrea versipora x x 
Fungi idae Lithophyllon undulatum x 
Meml in idae Hydnophora exesa x x x 
Mussidae Acanthastrea echinata x x 
Acanthastrea hemprichii x 
Acanthastrea lordhowensis x 
Oculinidae Gal axe a fascicularis x x 
Pectiniidae Echinophyllia aspera x 
Poritidae Pontes aranetai x x x 
Pontes lobata x x x 
Pontes luteal x x x 
Goniopora columna x x 
Goniopora djiboutiensis x x x 
Goniopora lobata x 
Goniopora n. sp. x 
Goniopora planulata x x 
Siderastreidae Psammocora haimeana x x x 
Psammocora nierstraszi x x 
Psammocora profundacella x x 
Psammocora superficialis x x 
Total no. of genera 17 20 21 
Total no. of species 47 43 53 
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Table 2.2 Coral community parameters and diversity indices calculated based on data 
from the 400m^ mapped area in Cheung Sha Wan (CSW), A Ye Wan 
(AYW), A Ma Wan (AMW). 
Parameters / Diversity CSW AYW AMW 
Indices 
Coral Cover 9.49% 26.16% 46.52% 
Species Count 47 43 53 
Margalef's Index (d) 20.44 12.87 13.54 
Pielou's Index (j，） 0.6165 0.6836 0.5047 
Brillouin's Index (H) 1.069 1.823 1.532 
Shannon-Wiener's Index (H') 2.373 2.571 2.004 
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Figure 2.1 Systematic diagram showing the set up in the mapping area. The 
quadrat is moved up 0.5m (from solid line to dotted line) after 
completing the video sampling. A total of 40 quadrats are mapped per 
transect. The transect is moved 0.5m side way (from solid line to 
dotted line) after completing the video sampling of the whole transect, 
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Figure 2.2 The 10 most dominant corals recorded within the 400m^ mapped area 
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Figure 2.3 The 10 most dominant corals recorded within the 400m^ mapped area 
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Evaluation of Monitoring Methods in Cheung Sha Wan, Tung Ping 
Chau, a Coral Community with Low (< 10%) Coral Cover 
3.1 Introduction 
Many sampling and monitoring methods on coral reefs have been developed, including 
remote sensing (Mumby et al. 1997, Purkis and Riegl 2005), hydroacoustic (Lee 2000), 
line intercept transect (Loya 1978), point intercept transect (Segal and Castro 2001), 
chain intercept transect (Hill and Wilkinson 2004)，photograph quadrat (Bohnsack 1979， 
Edmunds et al., 1998), quadrat point (UNESCO 1984), manta tow (Kenchington 1978， 
Miller and Muller 1999), random point video transect (Carleton and Done 1995, Vogt et 
al. 1997) and reef resource inventory (Long et al 2004). Each monitoring method has 
its own advantages and disadvantages and is favored by different workers. Nevertheless, 
objective evaluation is needed to assess their suitability for use in coral reef monitoring. 
Studies to compare some of these monitoring methods have been conducted to assess 
their performances under different scenarios (Goodwin et al. 1976, Kinzie and Snider 
1978, Weinberg 1981，Dodge et al 1982, Bouchon 1983，Ohlhorst et al 1988， 
Chiappone and Sullivan 1991, Ninio et al 2003, Ryan 2004，Garcia-Sais et al 2005, 
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Giyanto 2005). Majority of these works apply their effort to simple comparison of the 
result of different monitoring methods and discuss their pros and cons based on that. 
Bouchon (1981) compared the coral cover and species dominance from line transect 
and quadrat methods in Reunion Island. He suggested that there was no significant 
difference between the results from the two methods and combined the data in the 
analysis. Dodge et al (1982) compared the coral cover, species count and diversity 
indices from intersected length, quadrat point, point and belt quadrat transect methods 
in Bermuda. They detected that point methods showed significantly higher coral cover 
and quadrat point methods showed significantly lower Shannon-Wiener's Index than 
the other methods in one of their three sites. In a workshop in Phuket, Thailand, 
participated by several coral experts, the coral cover and species count generated by 
point intercept transect, photographic transect, line intercept transect and quadart point 
were compared (UNESCO, 1984). Quadrat point method was recommended for use in 
reef monitoring as it involved mechanical procedures and eliminated subjective 
decision. Chiappone and Sullivan (1991) compared the community similarity and area 
coverage from species-presence and absence list, linear percentage and line transects 
using Im x Im grid in central Bahamas. They suggested the linear percentage sampling 
was too conservative in determining distribution pattern and recommended the use of 
line intersect transect. Segal and Castro (2001) compared the coral cover from point 
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and line intercept transects in Brazil. They supported the use of point intercept transect 
as it provides comparable data to line intercept transect with much shorter sampling 
time. 
For the other comparative studies, some of the workers devoted their work to compare 
the result obtained from monitoring methods under different scenarios. Ninio et al 
(2003) investigated the between observer variability of video transect in the Great 
Barrier Reef. Mumby et al. (1995) and Harding et al (2000) investigated the reliability 
of the result generated by volunteer divers. 
Among these comparative studies, accuracy of the methodology seems not to be a 
primary interest to many of the researchers. Accuracy of the monitoring methods was 
only assessed by Goodwin et al (1976), Kinzie and Snider (1978), Weinberg (1981) 
and Ohlhorst et al. (1988). They tested the accuracy of the monitoring methods by 
comparing the result obtained by the monitoring methods with true baseline generated 
by computer simulation or complete count of a population after sampling. After 
comparing the results from grid, transect and random quadrat methods on species 
association and density, Goodwin et al. (1976) supported the use of parallel transects 
perpendicular to the shoreline if only dominant species are of primary concern and the 
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use of a series of quadrats if less abundant species is of primary concern. The point 
intercept method was recommended by Ohlhorst et al (1988) to give the most accurate 
estimate under the same effort employed when compared with line intercept transect, 
planar point intercept and quadrat methods. However, Weinberg (1981) concluded that 
point intercept method gave the worst estimation among the methods he tested, 
including linear and planar point intercept, line intercept transect, in situ drawn maps of 
quadrats, photographic record of reef section and counting of individual colonies and 
visual quadrat. He recommended the use of Im x Im quadrat. More surprisingly, Kinzie 
and Snider (1978) commented that all the four methods they tested, including quadrat 
and point intercept transect method, consistently gave inaccurate estimation of coral 
cover. 
Comparing studies which assess the accuracy of monitoring methods and those which 
simply compare the results obtained by different monitoring methods, it is clear that the 
former can provide a more complete picture about the actual performance of the 
methods whereas the latter can only assess the relative performance of these monitoring 
methods. Problem arises when significant difference exists between different 




Accuracy is unlikely to be inferred from precision, as bias is unlikely to be absent from 
biological research (Andrew and Mapstone 1987). The disproportionately low number 
of study on the accuracy of monitoring methods may be due to a couple of reasons. 
First, true assessment of accuracy is always extremely expensive in time and effort 
(Andrew and Mapstone 1987). This extraordinary effort required may drive away the 
research on this issue. Second, knowledge of absolute abundance may not be of primary 
interest in many studies (Caughley 1977). Estimations of relative abundance are often 
sufficient when comparison is the aim of the study. Nevertheless, some knowledge of 
the accuracy of the sampling methods used is always desirable (Andrew and Mapstone 
1987). 
The result of any monitoring program and research depends highly on the number of 
samples the researcher draws from the field. Given the use of the same sampling device 
and method, the higher the number of samples the better since this will improve the 
chances of a more accurate estimation and will also increase the statistical power in the 
analysis (Andrew and Mapstone 1987). However, the marginal benefit of increasing the 
sample size will diminish as sample size reaches a certain level. As field time is 
expensive and underwater bottom time, when using SCUBA, is limited by the available 
amount of compressed air, depth and diver's physiological condition (Mumby et al. 
56 
Chapter 1 
1995), coral reef field researchers would always seek for the point before the return 
from an increase in sample effort starts to diminish. The specific sample size when this 
is reached is hence usually referred to as the optimal sample size. Comparison of 
methods using the same amount of effort would also have significant implications. The 
most efficient method that gives the same degree of precision and accuracy when 
compared with the others would therefore be more favored for use in reef monitoring. 
Effort required by different monitoring methods is different. Comparison of the 
performance of different monitoring methods using the same number of replicates may 
lead to a comparison of unequal effort spent. This hinders the study to evaluate the most 
efficient monitoring method available. Sampling time is one of best alternatives to 
sample size for comparison as it also takes into account the difference in sampling 
effort by different monitoring methods. Sampling time can usually be used as a 
common currency to compare sampling methods so as to standardize the cost (Pringle 
1984，Ohlhorst et al 1988, Drummond and Connell 2005). However, the time required 
for the same monitoring method may be different when different people are conducting 
the sampling. Thus, as much as possible, sampling should be done by the same worker 




Identical parameters such as coral cover and species count were generally recorded 
regardless of the method used. Coral cover has long been used in the study of coral reef 
community structure. It is the simplest and most direct parameter used in monitoring 
program, but at the same time it gives the least amount of information when it comes to 
changes in the community structure over time. As long as coral cover remains stable, it 
will not be easy to detect any changes in species composition and phase shift. Diversity 
indices were developed and used widely to assist the interpretation of change in 
community structure. The main aim of diversity indices is to reduce complex species 
assemblage into a single index (Clarke and Warwick 2006). Different diversity indices 
were developed with different emphases on the species richness and equitability. 
However, those univariate measurements suffer from the problem of not being species 
specific. Two communities with a completely different taxonomic composition could 
have the same univariate measures (Warwick and Clarke 1991). As a result, the use of 
multivariate measures has been envisioned to address this limitation. The communities 
are compared on the basis of the identity of the component species as well as their 
relative importance in terms of abundance (Warwick and Clarke 1991). This makes 
multivariate analysis a very sensitive and powerful tool in detecting changes between 
sites and times. 
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On the other hand, the diversity index and community structure calculated are affected 
by the level of taxonomic resolution used. The choice of taxonomic resolution used will 
depend on many factors, such as the level of detail needed, time allowed and the 
availability of expertise. Taxonomic resolution commonly used in coral reef monitoring 
may be at the level of species, genera, growth forms or the level of indicator groups. 
In the time being, a consensus on which method is most appropriate for reef studies has 
never been reached. Information available for scientists and managers to base their 
decision on when selecting the most appropriate monitoring method is still limited. 
Although the choice of monitoring methods is affected by many factors, without an 
evaluation on the accuracy of the monitoring methods, it would be difficult for any 
consensus to be made on which method is most appropriate in coral reef monitoring. 
Providing accurate information on the status of coral reef should be the ultimate goal of 
any monitoring program. As mentioned above, many of the studies on monitoring 
methods only compare the relative performance of these methods. They are unable to 
assess the information provided by these monitoring methods and determine which one 
is more accurate. Field study on the accuracy of monitoring methods is severely lacking. 
This results in very limited information available on which to base the evaluation of the 
real performance of different monitoring methods. 
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Furthermore, a lack of consistency in the findings from different researchers is also one 
of the major issues. One of the possible reasons for the disparity between these findings 
is that the performance of the monitoring method is likely to vary among study sites. 
Again, information on this issue is severely lacking and study to generalize the effect of 
site characteristics, like percentage coral cover and species richness, on the 
performance of monitoring method is urgently needed. 
In order to address the above questions raised, the true characteristic of several sites 
must be obtained by detailed mapping of every single coral colony within them. 
Monitoring methods to be compared will then be applied in these sites and their 
performance compared against a true value generated from detailed mapping of the 
sites. The effect of site characteristics on the performance of the monitoring methods 
can also be evaluated by comparing the performances of different monitoring methods 
in different sites. 
In this chapter, the performances of four commonly used reef monitoring methods, 
were compared and evaluated in a 400m^ mapped plot in Cheung Sha Wan (CSW), 
Tung Ping Chau Marine Park, HKSAR where the whole population has been counted 
completely (Chapter 2). CSW represents a site with low coral cover and species 
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richness. The performances of these methods in two other sites, A Ye Wan (AYW) and 
A Ma Wan (AMW) also within the marine park but with higher coral cover and species 
richness were similarly evaluated (Chapter 4). Data generated from these methods were 
compared against the baseline true values generated from detailed mapping of the sites 
for percentage coral cover, species count, univariate diversity indices and multivariate 
community structure. Two sets of comparison were conducted separately, one using the 
optimal sample size estimated and the other using a fixed sampling effort (i.e. different 
sample sizes that can be obtained under a fixed time). It is hoped that these evaluation 
results can provide more comprehensive information about the performance of coral 
reef monitoring methods useful for the design of future reef monitoring programs. 
3.2 Materials and methods 
The four monitoring methods evaluated, including the line intercept transect (LIT), 
point intercept transect (PIT), random point video transect (RPVT) and quadrat (QUAD) 
methods, were applied inside the 400m^ mapped plot in CSW described in details in 
Chapter 2. All the corals encountered were identified to the species level in situ based 
on Veron (2000) and Ang et al (2003). Other sessile organisms, including sea anemone 
and sponge, were grouped into a single category as "others". The results obtained are 
compared with the data obtained from the complete mapping of the plot (refer to 
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Chapter 2 for details). 
3.2.1 Line Intercept Transect (LIT) Method 
In the field, 20 10m long transects were laid haphazardly inside the 400m^ mapped area. 
Under each transect, the coral species or other benthos / substratum intercepted and the 
length of the transect over the same coral species or other benthos were recorded in cm 
in situ. All non-coral benthos / substratum, i.e. all other sessile organisms, are 
categorized as “Others” due to their low occurrence. Sand, rubble and rock are all 
included in the category “Abiotic”. 
In the laboratory, the total length of each coral species or benthos category encountered 
was obtained by adding up all the different lengths of the transect intercepted by each 
coral species or benthos category. The data were then converted to percentage cover for 
each transect using the following equation: 
Percent cover = [Total length of each species or benthos category / Total length of the 
transect] x 100 
3.2.2 Point Intercept Transect (PIT) Method 
In the field, 25 10m long transects were laid haphazardly inside the 400m^ mapped area. 
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The coral species or benthos category / substratum directly under the transect at every 
50cm interval was recorded. 
In the laboratory, the percent cover of each coral species or benthos category for each 
transect was obtained by the following equation: 
Percent cover = [Number of points encountered for each coral species or benthos 
category / Total number of points employed] x 100 
3.2.3 Random Point Video Transect (RPVT) Method 
In the field, 20 1 Om long transects were laid haphazardly inside the 400m^ mapped area. 
Along each transect, a 40cm width of seabed was videotaped using a Sony Hi8 
camcorder TR-2000 housed in an Amphibico Dive Buddy underwater housing. Coral 
species present along the 40cm x 1 Om belt transect were identified and noted down for 
aid in later laboratory analysis. 
The video footage obtained was played back in the laboratory through the videotape 
player. The videotape of each transect was played back with regular pauses to capture 
individual frame. Video of each transect was paused at fixed time intervals to ensure no 
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overlap between frames. As video transects were recorded at constant speed, so 
approximately 25-30 frames could be captured from a 10m transect. An acetate sheet 
with fixed random co-ordinates marked was placed in front of the TV monitor during 
playback. Five random points were marked for each frame. The benthos underneath 
each point was recorded and the identity of the coral that appeared under each point 
was identified to the species level with the aid of the footnotes taken during the field 
survey. At the end of viewing through each transect line, the total number of sampling 
points occupied by each coral species or benthos category was tallied and converted to 
percent cover by the following equation: 
Percent cover = [Number of points encountered by each coral species or benthos 
category / Total number of points employed] x 100 
3.2.4 Quadrat (QUAD) Method 
Fifty 0.5m x 0.5m quadrats were placed haphazardly in the field inside the 400m^ 
mapped area. Each quadart was sub-divided into four 0.25m x 0.25m squares and close 
up of each square was video taped using a Sony Hi8 camcorder (TR-2000) in 
Amphibico Dive Buddy underwater housing. The coral species present in each quadrat 
were jotted down for aid in later laboratory analysis. 
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The image recorded in the field was played back in the laboratory and the image from 
each 0.25m x 0.25m square was captured using the software Cap View TV. All corals 
inside the quadrat were identified to the species level with the aid of the notes jotted 
down during field work and their area covers were measured using the computer image 
analysis program, Image-Pro Plus ver 4.0 (Media Cybernetics, USA). The data obtained 
were converted to percent cover by the following equation: 
Percent cover = [Area covered by each species or benthos category / Total area of 
quadrat] x 100 
3.2.6 Sampling effort in each monitoring method 
The sampling time (both in the field and in the laboratory) required to finish one 
transect or quadrat of each method was recorded to the nearest min. The field sampling 
time for different monitoring methods was then used to determine how many samples 
of transect or quadrat can be completed by the field worker within a unit time interval. 
Three time intervals were considered: 30, 60 and 90 min and the number of samples 
that can be completed within these time intervals was calculated accordingly. 
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3.2.7 Sample size determination 
Two sets of sample size were estimated separately: the optimal sample size and the unit 
effort sample size, the sample size obtained under a fixed time interval. 
3.2.7.1 Optimal sample size 
The optimal sample size was estimated by 1) Species-Area plot and 2) Standard 
Error-Area plot. Species-Area plot is one of the most traditional methods used to 
determine sample size needed (Cain 1938) to obtain most representative data from a 
study site. The Species-Area plots in this study were generated using the computer 
program PRIMER 6 (PRIMER-E Ltd, UK). Data for each single transect or quadrat 
were drawn at random from a pool of data obtained earlier in the field using each 
method and the cumulative species count was plotted against the sample size from one 
to the maximum number of samples employed (20 transects for LIT, PIT, 25 transects 
for RPVT and 50 quadrats for QUAD). The procedure is repeated for all possible 
combinations of the samples by the computer. The optimal sample size is the point 
when the increase in species count diminishes, i.e. the point along the species area 
curve at which the change of its slope is maximum. 
The Standard-Error plot was first described by Bros and Cowel l (1987). Both species 
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count and coral cover data collected earlier in the field using different monitoring 
methods were used to generate the Species Standard Error-Area (SSE-A) plot and the 
Cover Standard Error-Area (CSE-A) plot respectively. Sub-samples of data for all 
available combinations of sample size were drawn 100,000 times by the computer from 
the pool of data obtained for each method. The standard error of each sub-sample was 
calculated. The variability of the standard error serves as an indication of the size of the 
optimal sample. The optimal sample size is the point when the variability of the 
standard error diminishes, i.e. the point of maximum change of the slope of the 
standard-error curve. 
3.2.7.2 Unit effort sample size 
Three fixed time intervals, 30, 60 and 90 min, were used to assess the performance of 
the monitoring methods. The number of replicates (transect or quadrat) that can be 
sampled within these different time intervals, rounded to the nearest lower whole 
number, was calculated as: 
Number of replicates = Time interval available / Mean time required in the field to 
complete sampling of one replicate 
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3.2.8 Statistical analysis 
The four monitoring methods were compared using both univariate and multivariate 
statistical analyses. Based on the number of samples (i.e. transect or quadrat) that can 
be completed within a fixed underwater sampling time interval and optimal sample size 
for each method, data were obtained based on subsampling of the original data set. This 
procedure was repeated five times for each method, simulating five surveys being 
carried out in the field using each method. Each set of survey data was treated as a 
replicate for further statistical analysis to evaluate significant differences among the 
mean data generated using each method. 
3.2.8.1 Univariate analysis 
Common diversity indices, including Margalef's index, Pielou's evenness index, 
Brillouin's index and Shannon-Wiener's diversity index (refer to Chapter 2 for details), 
were calculated by the computer program PRIMER 6 using the percentage cover of 
each coral species as unit of measurement (Clarke and Warwick 2001). The similarities 
of these diversity indices, together with percent coral cover and species number count, 
were compared using the statistical package SPSS 13.0 (SPSS 2004).. These parameters 
were first tested for homogeneity and then compared using One Way analysis of 
variance (One-Way ANOVA) followed by Tukey post hoc test. If equal homogeneity of 
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the data could not be satisfied, the data were either transformed or compared using 
non-parametric Kruskal-Wallis test. Kruskal Wallis test was used in all comparisons 
involving Brillouin's Index as this index assumes that sampling is non-random, hence 
violates the assumption of ANOVA. 
3.2.8.2 Multivariate analysis 
All multivariate analyses were performed using the Statistical package PRIMER 6. All 
the data were first fourth square-root transformed to reduce the effect of dominating 
species on the community structure. Hierarchical agglomerative clustering using 
group-average linkage was used to group the samples and the results are presented in a 
dendrogram�Multidimensional scaling (MDS) analysis using Bray-Curtis similarity 
measures was plotted using fourth square-root transformation of the percentage cover 
of each coral species. An analysis of similarity (ANOSIM) was used to determine if 
there was any significant difference in coral compositions between groups. The 
similarity percentage procedure (SIMPER) based on the same Bray-Curtis similarity 
matrix as the MDS plot was used to identify the coral species whose abundance change 




The analysis was repeated three times using the same data set. In the first analysis, data 
at the species level were used. The taxonomic resolution was then reduced to genus 
level in the second analysis and further down to growth form level in the third analysis 
to examine for the potential difference in the community structure generated when data 
obtained are of lower taxonomic resolution. 
3.4 Results 
3.4.1 Optimal sample size 
The Species-Area plots (S-A plot) for the four methods are shown in Figures 3.1-3.4 
respectively. The optimal sample size was estimated as the point when the increase in 
species count started to diminish. This point was not sharp in any of the graphs 
observed. Based on the shape of the curve, the optimal sample sizes for LIT, PIT, RPVT 
and QUAD were estimated to be 6, 6, 5 transects and 13 quadrats respectively. 
The Species Standard Error-Area plots (SSE-A plot) for each of the four methods are 
shown in Figures 3.5, 3.7, 3.9 and 3.11 respectively and the variability of the standard 
error for each method in Figures 3.6, 3.8, 3.10 and 3.12 respectively. The variability of 
the standard errors of all four methods dropped sharply, suggesting that the optimal 
sample sizes could all be obtained quickly. The optimal sample sizes estimated for LIT, 
PIT, RPVT and QUAD methods were 5, 5, 4 transects and 8 quadrats respectively. 
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The patterns of the Cover Standard Error-Area plot (CSE-A plot) and the variability of 
standard error for the four methods (Figures 3.13 - 3.20) were similar to those observed 
in SSE-A plots. Based on the shape of the curves, the optimal sample sizes estimated 
for LIT, PIT, RPVT and QUAD were 5, 5, 5 transects and 9 quadrats respectively 
The optimal sample sizes estimated from the S-A plot, SSE-A plot and CSE-A plot for 
the four monitoring methods are summarized in Table 3.1. The sample sizes estimated 
by these three different approaches are very similar except for that of the QUAD 
method. In general, the S-A plot tends to give equal or slightly higher optimal sample 
size estimate for all methods. Hence, to be more conservative in the estimate, the 
sample size estimated by the S-A plot was chosen as the optimal sample size in 
subsequent analyses and comparative studies. 
3.4.1.1 Percent coral cover 
The range of percent coral cover estimations by the four methods, using the optimal 
sample size calculated respectively for each method, fell very close to the true percent 
coral cover inside the mapped plot. All methods gave slightly higher estimated percent 
coral cover value than the true value calculated from detailed mapping. These estimated 
values ranged from 10.08±5.02% (from QUAD) to 14.66±1.92% (from PIT) in which 
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all of them are higher than the true value (Figure 3.21). No significant differences were 
detected among the estimates generated from the different methods (One-way ANOVA, 
p>0.05). 
3.4.1.2 Species count 
The ability of the four methods to find species present in the site varies and there was 
significant difference in the number of species recorded by the different methods 
(Figure 3.22). PIT recorded the lowest species count (8.00±1.41) and LIT the highest 
(16.40±5.08). The number of species recorded by all these monitoring methods was 
much lower than the actual number of species present inside the experimental plot. 
Even for the best method, LIT, the number recorded is only about one-third of the 
actual number of species present. 
3.4.1.3 Diversity indices 
The pattern of the Margalef's Index estimated by the four methods is very similar to 
that of the species count. PIT gave the lowest and LIT, the highest index (Figure 3.23). 
Kruskal Wallis test indicated that the indices estimated from these methods differ 
significantly. All methods estimated a much lower Margalef's Index than that calculated 
from the complete data set. 
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All methods over-estimated the Pielou's index by a substantial amount (Figure 3.24). 
Among them, PIT gave significantly higher estimation than RPVT and QUAD. The 
patterns for Brillouin's Index (Figure 3.25) and Shannon-Wiener,s Index (Figure 3.26) 
were similar, although all these monitoring methods tended to over-estimate the former 
and under-estimate the latter. For both indices, the estimated values were in the 
following descending order: LIT，PIT, RPVT and QUAD. However, these estimated 
values were not statistically significantly different (Kruskal Wallis Test for Brillouin's 
Index and Shannon Wiener Index,/?>0.05). 
3.4.1.4 Community structure 
Based on the MDS ordination plot and Cluster Analysis, the community structure based 
on percent coral cover generated from LIT and RPVT showed slightly higher similarity 
(58%) to the community structure calculated from the mapped baseline data than those 
from PIT and QUAD (50%) (Figure 3.27). Some degree of aggregation can be observed 
as samples from the same monitoring method tended to cluster closer among 
themselves. However, the overall separation among samples from different monitoring 
methods was not distinct. This is supported by the ANOSIM results showing r values 
around 0.5 for all pairwise comparisons (Table 3.2), indicating that these samples were 
separated but with some degree of overlap. From the SIMPER analysis (Table 3.3)，the 
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general typ i fy ing species were Pontes lutea, Favites flexousa and Leptastrea purpurea. 
All of these were the abundant species within the mapped plot. The similarity level 
between samples was higher for LIT and RPVT than for PIT and QUAD. The within 
group similarity (56.14-70.53%) was only slightly higher than the between group 
similarity (44.72-60.24%). This gives additional evidence that samples generated from 
different methods were not clearly separated from each other. 
When the level of taxonomic resolution of the data was reduced from the level of 
species to the level of genus, the patterns of the MDS ordination plot and Cluster 
Analysis (Figure 3.28) remained comparable to those generated from the species cover 
data. LIT and RPVT remained the two methods that generated community structure 
information more similar (80%) to the true baseline information. However, the 
clustering pattern was less distinct with some samples from LIT and RPVT being 
separated from the baseline information at lower level (<70%) of similarity. The 
similarity level between samples and the baseline increased when the lower taxonomic 
level of the data was used. The similarity levels between samples also increased 
generally as indicated by ANOSIM (Table 3.4) and SIMPER (Table 3.5). Most of the 
pairwise comparisons in ANOSIM gave r values lower than 0.5，except for PIT. PIT 




indicating that there was clearer (Global R > 0.75) separation among samples from 
these monitoring methods than would have been when the species level of the data was 
used in the analysis. Again, the typifying genera are those abundant genera, such as 
Pontes, Favites, Cyphastrea and Leptastrea. 
When the level of resolution of the data set was further reduced to be represented by 
growth forms of the coral colonies alone, no clear cluster can be observed except for 
PIT in the MDS ordination plot and Cluster Analysis (Figure 3.29). The samples from 
LIT, RPVT and QUAD highly resembled each other (ANOSIM, Table 3.6), while the 
PIT samples showed separate but overlapping community structure from samples 
generated from the other methods. This separation was mainly due to the branching and 
columnar corals that differentiated PIT samples from the others (SIMPER, Table 3.7). 
3.4.2 Sampling efforts in different monitoring methods 
The time required to complete one replicate sample (i.e. one transect or quadrat) varies 
among the four monitoring methods (Figure 3.30). In the field, LIT method required 
9.60 ±3.87 min to complete one transect survey, which is the most time consuming 
method among the four. RPVT method required slightly less time (9.00 士 2.87 min) 
than LIT, but is still far more time consuming than PIT (5.00 ± 1.63 min) and QUAD 
75 
Chapter 1 
(2.18 士 0.92 min). 
Data generation time in the laboratory for different methods is usually short (< 5 min), 
except for RPVT, which required 10.70 ±4 .16 min to complete the point sampling 
analysis for each transect. This, when combined with the field time required, made 
RPVT the most time consuming method (19.70 士 7.02 min per transect). QUAD is the 
least time consuming method, requiring only 4.68 士 2.30 min in total (field + lab) to 
complete sampling on one quadrat. 
3.4.3 Sample size under fixed effort 
The number of replicate samples (transects or quadrat) that can be surveyed within a 
fixed time period is negatively related to the time required by the method to complete 
one unit of sampling. Thus, the number of samples (sample size) that can be surveyed 
by QUAD per unit time is much higher than that for other methods. Up to 13, 27 and 41 
quadrats can be examined within the 30, 60 and 90 min intervals respectively. The 
number of replicates that can be surveyed by LIT and RPVT under fixed time is almost 
identical except that one more RPVT transect can be completed at 90 min interval. The 
number of replicate samples that can be surveyed within the 30, 60 and 90 min intervals 
for different methods is summarized in Table 3.8. 
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3.4.3.1 Percent coral cover 
Percent coral cover estimated by the monitoring method under different time intervals 
was comparable to that estimated by the optimal sample size. Again, coral cover 
estimated by QUAD was consistently lower than that by the other three methods 
(Figure 3.31). However, significant differences were only detected among the mean 
coral cover from the different monitoring methods under 90 min interval of sampling 
(One-way ANOVA, p< 0.05). Coral cover estimate using QUAD was significantly 
lower than that by the other three methods, and the estimate by RPVT was higher than 
that by PIT. All methods under different time intervals, except QUAD at 90 min 
interval, tended to over-estimate the coral cover inside the mapped plot when compared 
with the true value generated from the mapped data (Chapter 2). Among the four 
methods, QUAD gave the most accurate estimate of the percent coral cover. 
No significant difference in the mean coral cover estimate was detected with an 
increase in sampling effort (i.e. time spent) in all four monitoring methods (Figure 
3.32). Increase in effort invested did not guarantee a simultaneous increase in data 
accuracy within the time intervals tested. 
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3.4.3.2 Species count 
The number of species recorded by different monitoring methods under all fixed 
sampling effort is much lower than the total number of species present inside the 
experimental plot. PIT consistently yielded the lowest species count when compared 
with the other three methods and the difference was statistically significant for mean 
species count recorded under 90 min interval (One-way ANOVA, p< 0.05，Figure 3.33). 
LIT recorded the highest number of species among the four methods in all the time 
intervals tested. 
Increase in efforts spent in monitoring led to a significant increase in species count in 
all methods tested (Figure 3.34). Only QUAD showed a significant increase in species 
count when sampling effort was increased from 60 min to 90 min, while both PIT, 
RPVT and QUAD showed a significant increase in species count when sampling effort 
was increased from 30 min to 60 min. 
3.4.3.3 Diversity indices 
The performance of the different monitoring methods varies with respect to different 
diversity indices calculated. For Margalef's index, significant differences were detected 
when calculated based on data generated under different time intervals (Figure 3.35). 
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All methods tended to under-estimate the Margalef's index by a large extent. In general, 
LIT and QUAD gave better estimate of this index than PIT and RPVT. Increase in 
sampling effort in all methods increased the Margalef's index estimated and hence the 
accuracy of the estimates (Figure 3.36). However, this increase started to level off after 
sampling at 60 min interval, except for QUAD. 
All methods over-estimated the Pielou's Index (Figure 3.37). PIT over-estimated the 
index the most and the difference was statically significant (Kruskal Wallis test or 
one-way ANOVA). The performance of the other methods remained fairly similar. 
Increase in sampling effort increased the accuracy of the estimates from LIT and PIT 
but not from RPVT and QUAD (Figure 3.38). Statistically significant difference was 
detected in the index estimated when the sampling effort was increased from 30 min to 
60 min in LIT (One-way ANOVA,/?< 0.05, Figure 3.38). 
QUAD gave good estimate of the Brillouin's Index but the other three methods all 
over-estimated the index (Figure 3.39). Increase in sampling effort played little role in 
improving the estimate except for RPVT. Yet, no significant difference in the 
Brillouin's Index estimated was detected for all methods with an increase in sampling 
efforts (Figure 3.40). 
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For the Shannon-Wiener's Index, all methods under-estimated the index but LIT and 
PIT gave better estimate on the index than RPVT and QUAD (Figure 3.41). Significant 
difference in the index estimated was detected among the different methods under all 
sampling intervals. Increase in sampling effort in all methods played little role in 
improving the estimation of the index (Figure 3.42). 
3.4.3.4 Community structure 
MDS ordination plot and Cluster Analysis (Figure 3.43) were used to display the 
relationship among the community structures generated by the different monitoring 
methods based on percent cover data collected at 30, 60 and 90 min time intervals. No 
clear grouping was observed in data collected at 30 min time intervals. No particular 
monitoring method gave a better representation of the community structure when 
compared with that generated from the mapped baseline data (Chapter 2). The 
overlapping of community structures generated by different monitoring methods is 
further confirmed by ANOSIM (Table 3.9). Only the pairwise comparison between PIT 
and RPVT showed the community structure detected by these methods to be 
overlapping but clearly different (r = 0.624). The percentage similarity within and 
between methods was very similar (Table 3.10) and the community structures were 




When survey effort increased to 60 min, clear clusters were observed in both MDS 
ordination plot and Cluster Analysis (Figure 3.44). Community structure obtained by 
the same monitoring method clustered in groups. QUAD and PIT samples clustered in 
separate groups at around 75% level of similarity while LIT and RPVT samples 
clustered into a single large group at around 65% level of similarity. The community 
structures generated from different monitoring methods showed clear separation by 
ANOSIM (Global R = 0.82) (Table 3.11). Besides, all pairwise comparisons between 
methods also showed clear separation among them (r > 0.75) except between LIT and 
PIT (r = 0.624) and RPVT (r = 0.628) which showed overlapping but still clearly 
different clusters. The community structures generated from the different methods were 
usually typified by P. lutea, C. serailia, L. purpurea and F. flexousa (SIMPER analysis, 
Table 3.12). The staghom coral Acropora sp. was the differentiating species among 
methods while Platygyra acuta differentiated the community structure generated from 
QUAD with that from the others. 
Clear clusters were also observed in community structure using 90 min as the survey 
time interval in the MDS ordination plot (Figure 3.45A). Data from PIT, RPVT and 
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QUAD formed clear clusters at the level of >80% similarity in the dendrogram (Figure 
3.45B) while data from LIT broke up at around 70% level of similarity and clustered 
into two smaller groups at around 80% level of similarity. Again, all pairwise 
comparisons between methods showed clear separation (r > 0.75) except between LIT 
and RPVT (r = 0.688) which showed overlapping but clearly different groupings 
(ANOSIM, Table 3.13). Increase in sampling effort increased the similarity within 
method but played little role to increase between methods dissimilarity. The 
contributing species within method and differentiating species between methods were 
similar to the species identified using data from 60 min time interval. The staghom 
coral Acropora sp. was the differentiating species among methods again (SIMPER 
analysis, Table 3.14), while Platygyra acuta differentiated the community structure 
generated from QUAD with that from the others. 
Increase in sampling effort played little role in affecting the community structure 
generated. Based on the MDS plot, the community structure generated from the 30 min 
sampling interval was always quite separated from the mapped baseline community 
structure in any of the methods used (Figure 3.46). The data from 60 min and 90 min 
sampling intervals were always grouped together into one large cluster. These patterns 
are also clearly shown in the Cluster Analysis (Figure 3.47). The clusters of community 
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structure generated from the 60 min and 90 min sampling intervals usually separated 
from the structure generated from the baseline at a level of similarity between 60-70%. 
The exception being that for PIT. The structure generated from PIT was separated from 
that from the baseline at around 55% level of similarity under all sampling intervals, 
indicating that it gave the worst representation of the coral community structure in the 
mapped plot. 
Results of ANOSIM indicated that all methods generated highly overlapping 
community structure under 30, 60 and 90 min survey intervals (Table 3.15). In general 
these results also supported the pattern observed in Cluster Analysis that the 60 min and 
90 min samples showed very little separation. Although all the r values are low, those 
from QUAD are relatively higher than those from the others. This may indicate that the 
community structure generated from QUAD is more sensitive to increase in sample size 
than the other three methods. 
Increase in sampling effort will increase the within group similarity for all methods 
(SIMPER analysis, Table 3.16). However, between group structure generally also 
showed high similarity and sometimes the similarity between groups could even be 
higher than the similarity within group. The phenomenon is particularly obvious among 
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the samples from the 30 min sampling intervals for all methods. 
3.5 Discussion 
3.5.1 Optimal sample size 
Sample size has significant impact on both the accuracy and precision of the monitoring 
results. However, increase in sample size and sampling effort in monitoring programme 
is almost always constrained by logistic and economic considerations. The choice of 
appropriate number of replicates and the most cost effective way to carry out a 
monitoring study has long been of interests to coral reef workers. The choice of optimal 
sample size is generally obtained from 1) pilot studies, 2) previous studies, and 3) 
published data (Andrew and Mapstone 1987). 
In this study, the optimal sample size was chosen based on results of three sample size 
optimizing procedure: Species-Area plot (S-A plot), Species Standard-Error plot 
(SSE-A plot) and Cover Standard-Error plot (CSE-A plot). The optimal sample size 
estimated by the three methods is very similar, except for QUAD. For QUAD, the S-A 
plot estimated a higher optimal sample size than the two SE-A plots. This variation in 
the optimal sample size estimated for QUAD may be a result of the shape and size of 
the sampling device per se. For QUAD, only corals present inside the small 0.5m x 
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0.5m square framework were recorded. Thus, the number of species that can be 
recorded by individual quadrat was generally lower than the number of species that can 
be recorded by individual transect of the other three methods. This gives a lower range 
of species count and thus small variation of the standard error. Thus, the variability in 
standard error is likely to drop rapidly after the first few samples, leading to a lower 
optimal sample size. For the S-A plot, it takes into account the identity of individual 
species. Samples with same species count but different species identity are considered 
to be different in S-A plots. This makes the result obtained more variable and hence 
higher optimal sample size proposed. Thus, more conservative result is estimated by 
S-A plot. 
For all the S-A plots generated, no clear turning point was observed. Magurran (2003) 
suggested that this is the effect of an uneven abundance distribution of the species. 
When there are species that are dominant, effort required to detect the total number of 
species will increase and results in the gradual change in the cumulative species count. 
This adds difficulties in determining which point is the optimal sample size. In contrast, 
the variability of standard error showed sharp change and it was easy to determine the 
optimal sample size from the curve. However, given that the S-A plot is more 
conservative and much easier to compute, it should still serve as a better option in 
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determining optimal sample size. 
3.5.2 Coral cover 
Percent coral cover is employed in almost all the monitoring studies (McCorry 1994). It 
is the most direct measure of the coral reef dynamics. The findings on the accuracy of 
coral cover measurement appear to be a compromise between the findings of different 
researchers. Using Kinzie and Snider，s evaluation criteria (±20% deviation from true 
coral cover), QUAD was the only one among the four which provided reliable data of 
the true coral community and LIT, PIT and RPVT were all providing poor estimation of 
the true coral cover. This is similar to the results of Kinzie and Snider (1978) who 
suggested that all the monitoring methods they tested, including quadrat and point 
intercept transect method, gave poor estimation of coral cover. 
Coral cover estimated by different methods in CSW was not statistically different from 
each other. Bouchan (1981) and Dodge et al (1982) also found different monitoring 
methods they examined to tend to give similar estimation on coral cover. Bouchan 
(1981) compared quadrat and line intercept transect in areas with coral cover from 2.5 
to 69% in Reunion Island and suggested no significant difference between results from 
the two methods. Dodge et al. (1982) also found no significant difference among 
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estimates generated from line intercept transect, point intercept transect, quarter point 
and belt quadrat transect in lower to medium coral cover areas (8.0±0.7o/o to 30.7±10.3) 
in Bermuda. 
Results from CSW gave the same conclusion as that of Weinberg (1981), who also put 
QUAD on top of his list of seven methods he tested for its reliability. This is in contrast 
to the work of Ohlhorst et al (1988), who suggested plotless methods to have superior 
performance over the plot (= quadrat) methods. The oversimplified simulated reef used 
by Ohlhorst et al. (1988) is one of the possible reasons for this discrepancy. 
As shown in the results, all the four methods examined in the present study tended to 
over-estimate the true coral cover. This agrees well with the result of Weinberg (1981). 
Most studies employed haphazard sampling because of its ease of manipulation in the 
field especially given that some methods require high sampling effort. However, human 
bias is often associated with haphazard sampling. Since most of the reef system is 
heterogeneous in nature, result from haphazard sampling is unlikely to be similar to that 
from random sampling (Rogers et al 2001). As coral is the object of concern in reef 
monitoring, the researcher may unwittingly place the sampling device in area of high 
coral cover. Central reef where fauna abounds may be sampled more intensively but 
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reef margin or structurally complex site may be under sampled by haphazard sampling 
(Lewis 2004). Auto-correlation (sample location dependent upon the previous sample) 
in haphazard sampling can further aggravate the problem, resulting in positive 
deviation to the true coral cover. This is of significant implication as haphazard 
sampling plays a very important role in coral reef fauna study (reviewed by Lewis 
2004). Although haphazard sampling is convenient to execute in the field, its inherent 
biases warrant a more serious reconsideration on its use in coral reef monitoring. 
Apart from haphazard sampling, random or systematic sampling is also popularly used 
in coral reef monitoring. Random sampling is urged by Green (1979) and Zar (1999) 
for their unbiased estimates of variance and population mean as well as to fulfill the 
basic assumption of most statistical tests. However, truly random sampling is difficult 
to attain and often expensive and time consuming (Green 1979). Systematic sampling is 
often easy to execute and statistically valid when the population is essentially randomly 
distributed or only mildly stratified (Cochran 1977). However, choice of sampling area 
is subjective to researcher and biases can be introduced. As a compromise, random 
sampling in smaller homogenous sub-areas that are systematically stratified from large 
scale environment is recommended (Loya 1978, Green 1979). Bourdeau (1953) 
compared the result of stratified random sampling with systemic sampling in a 
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completely enumerated oak forest and strongly supported the use of the former 
sampling strategy to generate reliable quantitative data. Although stratified random 
sample is slightly less accurate than systematic sampling in terms of density and basal 
cover, its yield always gains in precision over unrestricted form, especially in sampling 
sporadic distribution. Thus, the use of different sampling strategies should be explored 
in more details in coral reef study. 
In the present study, although haphazard sampling was employed initially to generate a 
set of data from 20 transects in LIT and RPVT, 25 in PIT and 50 quadrats in QUAD, 
subsequent subsampling was random as the choice of which transect or quadrat data to 
be included was done independently by the computer. The data generated should 
therefore be free from the biases associated with haphazard sampling mentioned above 
or the biases should at least be minimized. This approach makes the sampling strategy 
employed in the present study closer to that of true random sampling. In spite of this, 
however, the four monitoring methods employed still yielded inaccurate estimation of 
the true coral cover, suggesting that this tendency to underestimate is an inherent 
weakness of the methods themselves. 
W h e n using sampl ing t ime as a c o m m o n currency, Q U A D was found to give a better 
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estimation of true coral cover than the other three methods under all the time intervals 
tested. This suggests that QUAD is not only the most accurate, but is also the most 
efficient monitoring method to be used, although no significant difference in estimated 
coral cover was found among methods. This somehow contradicts the result of Ohlhorst 
et. al (1988), who suggested the use of point intercept transect when field time is 
limited. The simulated reef used by Ohlhorst et al (1988) is probably oversimplified to 
allow other limitations under real field conditions to be properly incorporated in the 
assessment of the performance of the monitoring methods. 
Sampling effort has little influence on the absolute coral cover estimated. Rather, it 
increases the precision of the results obtained. For example, it is more likely to detect a 
significant difference in the mean coral cover estimated from the different methods 
because of the decrease in the standard deviation of the mean as sampling size increases 
with efforts, rather than an increase in the detection of the deviation from the mean. 
3.5.3 Species count 
From the analysis using optimal sample size, all methods gave severe negative 
deviation from the true number of species present. Using optimal sample size, only 
about one third of the total number of species was recorded by LIT. It is even worse for 
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the other three methods. This is in contrast to the results by Ohlhorst et al (1988) who 
showed all methods they evaluated to be giving good estimation of the total species 
count. This contradiction is again, likely because Ohlhorst et al. (1988) used an 
oversimplified simulated reef. In this study, 47 species are actually present in the 
mapped plot while only 10 species were present inside the simulated plot of Ohlhorst et 
al. There is the possibility that the effectiveness of monitoring methods to record 
species present will be even lower in truly diverse coral reef. From another point of 
view, the effectiveness may also be related to the proportion of rare or uncommon 
species present inside the community. 
The significant difference in the coral cover estimated from the different methods using 
optimal sample size is partly a result of the inherent difference in the properties of the 
method and partly because of the unequal sampling effort employed in using these 
methods. Even if the number of samples used between methods is the same does not 
represent that equal effort has been employed. This is particular true for PIT and QUAD 
since the unit effort for both methods is low. When using time as a common currency 
for comparison, the magnitude of difference among methods decreases. The low 
species count per unit quadrat in QUAD is compensated by the high number of 
replicates that can be completed within a fixed unit time. Thus, the species count by 
9 1 
Chapter 1 
QUAD only ranges behind that by LIT, although PIT remains the least capable of 
estimating the total species count. 
Although LIT, PIT and RPVT all employed 10m transect in this study, the actual areas 
sampled are different among the three methods. It is easy to understand that LIT must 
give at least equal if not higher species count than the PIT even though the same 
transect is surveyed. The advantage of LIT in being able to sample more species lies in 
the difference in the size of the sampling device. LIT samples every piece of coral 
along the transect while PIT only samples corals underneath regular spaced points. 
Although RPVT video samples a larger area when compared with LIT, only corals 
underneath the specific points are counted. As generally around 30 video frames can be 
captured from a 10m transect, a total of only around 150 points are sampled by RPVT 
per transect. Increasing the number of points sampled could potentially yield a better 
estimate, but this would mean an increase in sampling effort for RPVT, which is 
already the most time-consuming among the four methods evaluated. 
Species count is widely known to be highly dependent on the sampling effort. This is 
also demonstrated in this study. The species count was significantly different when the 
sampling effort was increased from 30 min to 60 min for PIT, RPVT and QUAD. This 
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is simply because more time was applied to search for additional unrecorded species 
available. However, further increases in effort showed no significant effect on the 
species count. This is because some species were of very low cover, sometimes only 
with one small colony inside the mapped plot. Those rare species will have a very low 
chance of being surveyed by the sampling device. In other words, a detection limit of 
the monitoring methods may exist. Species under a certain level of abundance may 
generally be difficult to be sampled by these monitoring methods. Since the species 
count shows little change after 60 min of survey, the number of species that can be 
observed under this time interval can give an idea on the detection limit of the 
monitoring method. If a monitoring method can identify N species at a 60 min survey, 
the percent cover of the N^ ^ species indicates the detection limit of the method. Based 
on this assumption, the detection limit calculated for the four methods examined in this 
present study is very similar at around 0.1%. Species with coverage lower than 0.1% is 
less likely to be sampled by these monitoring methods. 
3.5.4 Diversity Indices 
The results presented in the present study provide some assessment on how well can the 
single univariate diversity indices represent compressed information from the 
multivariate community assemblage. Very little effort has been invested to compare the 
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diversity indices estimated by different monitoring methods. Results from the present 
study agree with the study by Ohlhorst et al. (1988), who also showed that monitoring 
methods tended to under-estimate the Shannon-Wiener's Index. Dodge et al (1982) 
concluded that quarter point method (not investigated in this study) gave higher 
Shannon-Wiener's Index than PIT, LIT and belt quadrat methods. 
Performances of monitoring methods vary in terms of the diversity indices calculated. 
This is because different diversity indices emphasize different aspects of the biological 
community. For the Margalef's Index, it places much of it's emphasize on the species 
richness. Hence, the results pertaining to this index are principally the same as those on 
species count. Using both optimal sample size and fixed unit of sampling time, all four 
methods in the present study showed a severe underestimation of the Margalef's Index. 
PIT also gave a lower Margalef's Index than the others. The advantage of increasing the 
sampling effort also tended to plateau after 60 min, except in QUAD. All these results 
are contributed by the change in species count. 
Pielou's Index emphasizes species evenness. All four methods in the present study 
over-estimate the Pielou's Index, i.e. the estimated community is more even in species 
distribution than it is in reality. This is so because species of very low abundance are 
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not sampled by the monitoring methods, i.e. there is a detection limit imposed by the 
nature of the sampling methodology as discussed above. Magnitude of difference of the 
sampled species is likely to be smaller than real due to the absence of these rare species, 
resulting in a higher Pielou's Index. This explains why PIT gave a significantly higher 
Pielou's Index than the other three methods. PIT always gives a lower species count, 
the consequence of omitting more species with low cover. Therefore, the magnitude of 
difference of the sampled species is likely to be particularly smaller for PIT, hence a 
higher Pielou's Index. Following this same argument, increase in sampling effort yields 
lower Pielou's Index because more species of low abundance are sampled. 
Magurran (2003) suggested that Brillouin's Index and Shannon-Wiener's Index give 
similar and often correlated estimation of diversity. This pattern is also observed in this 
study. The pattern of variation in these indices among the four methods is 
fundamentally similar, except that Brillouin's Index was over-estimated while 
Shannon-Wiener's Index was under-estimated by the monitoring methods. Thus, 
QUAD gave close estimate for Brillouin's Index but deviated from the true value for 
Shannon-Wiener's Index. The reversed situation was observed for LIT. However, the 
reason for the difference in estimation remains unclear. Both indices are insensitive to 
the increase in sampling efforts. Increase in sampling effort only resulted in increase in 
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precision but not in the accuracy of the estimates. 
3.5.5 Community structure 
Previous studies comparing monitoring methods in coral reefs have not employed 
multivariate approach in their analysis. The multivariate analysis on the community 
structures, based on percent cover data generated from four different common reef 
monitoring methods in the present study represents an initial attempt to compare the 
utility of these methods from a multidimensional perspective. Multivariate analysis is 
gaining popularity since it is species specific and much more sensitive than the 
univariate analysis (Warwick and Clarke 1991). It is becoming a more common tool to 
interpret the monitoring data which are multidimentional in nature. 
The results from this study showed that all the four monitoring methods are comparable 
in their utility. Results from MDS plot and Cluster Analysis using optimal sample size 
showed the community structure generated from these methods to be similar to that 
generated from the baseline data at a level of similarity around 50-60%. LIT and RPVT 
showed a slightly higher level of similarity but this is likely to be a result of the 
increased effort employed. The community structures generated from all these methods 
were grouped separately but with some degree of overlapping. The degrees of 
96 
Chapter 1 
overlapping increased when taxonomic resolution of the data was compressed and 
simplified from the level of species, to genus and growth forms. The exception being 
that of PIT, which tended to form a distinct group under different levels of taxonomic 
resolution. This may be because PIT records a much lower number of species than the 
other methods, resulting in a much simpler level of community structure estimated. 
When similar sampling effort was employed, data from the monitoring methods tended 
first to cluster together. When sampling efforts increased, then samples from the same 
monitoring methods started to group themselves together and to discriminate from 
those from the other monitoring methods. Although distinct groupings based on data 
from the different monitoring methods were formed, their level of similarity with that 
generated from the baseline remained more or less the same at around 60%. This 
demonstrates that all the four methods investigated in this study gave similar estimation 
of the community structure of the mapped plot. 
The results of this study in CSW verify or agree with the findings from some of the past 
studies, but also contradict with those from the others. CSW is a site with low coral 
cover and simple community structure, i.e. with low species diversity. While all the 
results in the present study point to the importance of the choice of monitoring methods 
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in generating the data needed to assess the status of coral reef community, it is 
premature to make a conclusion on the performance of these four monitoring methods 
based on the results obtained from CSW alone. The performance of the monitoring 
methods may differ in sites with higher coral cover and species diversity and these are 
evaluated in similar studies carried out in A Ye Wan and A Ma Wan, two sites with 
higher coral cover and species diversity (Chapter 4). Comprehensive understanding on 
the performance of monitoring methods is crucial for our understanding of the dynamic 
ecological process in the coral reef. The performance of the monitoring methods should 
therefore be evaluated more extensively and objectively. 
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Table 3.1 The optimal sample size estimated by the Species-Area plot (S-A 
plot), Species Standard Error-Area plot (SSE-A plot), Cover 
Standard Error-Area plot (CSE-A plot) for the four monitoring 
methods, Line Intercept Transect (LIT), Point Intercept Transect 
(PIT), Random Point Video Transect (RPVT) and Quadrat (QUAD) 
methods in Cheung Sha Wan (CSW). 
LIT PIT RPVT QUAD 
S-A plot — 6 — 6 5 — 13 
SSE-A plot — 5 — 5 一 4 8 
CSE-A plot I 5 I 5 I 5 I 9 " 
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Table 3.2 Results of ANOSIM analysis comparing the coral community structures in 
the 20 m X 20 m plot in CSW based on species percentage cover data 
generated from optimal sample size sub-sample survey using different 
monitoring methods. Symbols for the different monitoring methods follow 
those used in Table 3.1. Global R=0.52,/?< 0.05 Upper figure represents the 
r value and lower one the significance level (%) for the pair-wise 
comparison. 
LIT PIT RPVT 
0.464 0.572 0.576 QUAD 
1.6 0.8 0.8 




Table 3.3 Results of SIMPER analysis comparing the coral community structures 
in the 20 m x 20 m plot in CSW based on species percentage cover data 
generated from optimal sample size sub-sample survey using different 
monitoring methods. Symbols for the different monitoring methods 
follow those used in Table 3.1. Shaded cells list the coral species that 
contributed most to similarities within each method (in order of 
percentage contribution). Clear cells list the coral species that 
contributed most to dissimilarities between methods (in order of 
percentage contribution). 
Sim=66.36 ‘ ‘ ,‘ ‘ 
I X f T l I'Ut^Ct , 
LIT J ' ' ' , L, purpurea 
Kflexousa 
Diss=47.44 Sim=60.71 
pyrp F. rotumana P. lutea ’ 
P .aranetai C. japonica ‘ 
A. tumida F. flexousa 
Diss=39.76 Diss=46.92 Sim=70.53 
RPVT C. seailia F. rotumana P. lutea 
A. digitifera A. tumida C serailia '-
P. lobata C. serailia F. flexousa,'——， 
Diss 二 51.23 Diss=55.28 Diss=51.17 Sim=56.14 
. „ P. acuta A. tumida G columna P. lutea ' ' � : : ‘ 
l^UAU ^ digitifera C. japonica F. pentagona K flexousa 
P. lobata P. acuta P. acuta L purpurea 
— I LIT I PIT RPVT QUAD 一 
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Table 3.4 Results of ANOSIM analysis comparing the coral community structures 
in the 20 m x 20 m plot in CSW based on generic percentage cover data 
generated from optimal sample size sub-sample survey using different 
monitoring methods. Symbols for the different monitoring methods 
follow those used in Table 3.1. Global R=0.43, p< 0.05 Upper figure 
represents the r value and lower one the significance level (%) for the 
pair-wise comparison. 
LIT PIT RPVT 
0.212 0.464 0.316 OUAD 
12.7 0.8 5.6 
0.716 0.324 l i t 
0.8 2.4 
0.764 p j j 
0.8 
Table 3.5 Results of SIMPER analysis comparing the coral community structures 
in the 20 m x 20 m plot in CSW based on generic percentage cover data 
generated from optimal sample size sub-sample survey using different 
monitoring methods. Symbols for the different monitoring methods 
follow those used in Table 3.1. Shaded cells list the coral genera that 
contributed most to similarities within each method (in order of 
percentage contribution). Clear cells list the coral genera that contributed 
most to dissimilarities between methods (in order of percentage 
contribution). 
r ~ S i m 二 75.93 




PIT Fcivia Porites 
Leptastrea Acwporg 
Goniopora Cyphastrea 
Diss=27.39 Diss=35.50 Sim=76.20 
RPVT Acropora Acropora Porites 
Hydnophora Favia Cyphastrea 
Leptastrea Goniopora Favites 
Diss=33.19 Diss=55.28 Diss=35.10 Sim=64.59 
OTT AD Acropora Povana Goniopora Porites 
^ Goniopora Cyphastrea Cyphastrea Favites '々厂 
Pavona Leptastrea Acropora Leptastrea ‘ 
一 LIT PIT RPVT QUAD 
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Table 3.6 Results of ANOSIM analysis comparing the coral community structures in 
the 20 m X 20 m plot in CSW based on coral growth form percentage cover 
data generated from optimal sample size sub-sample survey using different 
monitoring methods. Symbols for the different monitoring methods follow 
those used in Table 3.1. Global R=0.306, p< 0.05 Upper figure represents 
the r value and lower one the significance level (%) for the pair-wise 
comparison. 
LIT PIT RPVT 
0.132 0.48 0.172 QUAD 
21.4 0.8 14.3 




Table 3.7 Results of SIMPER analysis comparing the coral community structures 
in the 20 m x 20 m plot in CSW based on coral growth form percentage 
cover data generated from optimal sample size sub-sample survey using 
different monitoring methods. Symbols for the different monitoring 
methods follow those used in Table 3.1. Shaded cells list the growth 
forms that contributed most to similarities within each method (in order 
of percentage contribution). Clear cells list the growth forms that 
contributed most to dissimilarities between methods (in order of 
percentage contribution). 





P I T Encrusting Massive 
Columar Submassive 
Branching Branching. 
Diss=20.84 Diss=28.38 Sim=77.42 
RPVT Branching Branching Massive 
Laminar Columnar Submassive � 
Columnar Encrusting Columnar 
Diss=24.33 Diss=25.69 Diss=26.88 Sim=7f93 
riTTAn Branching Laminar Columnar Massive : ‘ 
• Columnar Branching Branching Submission , 
Laminar Columnar Laminar Branching “ 
一 I LIT PIT RPVT QUAD 
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Table 3.8 Number of replicates that can be completed within 30, 60 and 90 min 
intervals of sampling using the four monitoring methods in Cheung Sha 
Wan (CSW). Symbols for methods follow those used in Table 3.1. 
LIT PIT RPVT QUAD 
30 min “ 3 6 3 13 
60 min " 6 ~ 12 6 一 27 
90 min I 9 I 18 I 10 I 41 
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Table 3.9 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in CSW based on species 
percentage cover data generated from a 30 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 3.1. Global R=0.427， 
p< 0.05 Upper figure represents the r value and lower one the 
significance level (%) for the pair-wise comparison. 
LIT PIT RPVT 
0.352 0.624 0.4 OUAD 
1.6 0.8 1.6 
0.316 0.224 l i t 
6.3 13.5 
0.44 p j j 
2.4 
Table 3.10 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in CSW based on species 
percentage cover data generated from a 30 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 3.1. Shaded cells list 
the coral species that contributed most to similarities within each 
method (in order of percentage contribution). Clear cells list the 
coral species that contributed most to dissimilarities between 
methods (in order of percentage contribution). 
r~Sim=^56.33 ： 
U T P - ‘ 
C. japonica 
P., acuta 
Diss=45.73 S i m = 6 3 . 2 1 “ 
P I T H. exesa P. lutea 
L. purpurea C. sera ilia 
A. tumida F. flexousa 
Diss=46.37 Diss=47.35 Sim=59.51 
RPVT H- exesa P. lobata P. lutea ‘ 
P. aranetai G. columna C. serailia 
P. haimeana A. tumida F. flexousa 
Diss=50.39 Diss=53.61 Diss=48.85 Sim=55.31> 
OTTAD P, acuta L. purpurea P. acuta P. lutea ‘‘ 
C. japonica G. columna F. speciosa L. purpurea 
P. aranetai A. tumida L purpurea C. serailia . 
LIT PIT RPVT QUAD 
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Table 3.11 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in CSW based on species 
percentage cover data generated from a 60 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 3.1. Global R=0.82, 
p< 0.05 Upper figure represents the r value and lower one the 
significance level (%) for the pair-wise comparison. 
LIT PIT RPVT 
0.88 0.988 0.816 QUAD 
0.8 0.8 0.8 




Table 3.12 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in CSW based on species 
percentage cover data generated from a 60 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 3.1. Shaded cells list 
the coral species that contributed most to similarities within each 
method (in order of percentage contribution). Clear cells list the 
coral species that contributed most to dissimilarities between 
methods (in order of percentage contribution). 
‘‘Sim=75.75 
l i t lutea 
C. serailia 
L. purpurea . 
Diss二33.33 : Sim二79.07 
PIT A. digitifera P. lutea 
P. decussata F. flexousa 
F. rotumana L. purpurea 
Diss=32.90 Diss=35.17 Sim=76.33 
RPVT columna P. decussata P. lutea 
A. digitifera G. columna C.serailia 
A .tumida F. pentagona P. aranetai 
Diss=35.39 Diss=43.94 Diss= 35.76 Sim=78.06 
OTTAn G‘ columna P. acuta P. acuta P. lutea , , /： 
P. acuta A. digitifera A. digitifera L. purpurea ',,；'： 
A .tumida P. decussata A. pruinosa F. flexousa 
LIT PIT RPVT QUAD 
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Table 3.13 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in CSW based on species 
percentage cover data generated from a 90 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 3.1. Global R=0.949, 
p< 0.05 Upper figure represents the r value and lower one the 
significance level (%) for the pair-wise comparison. 
LIT PIT RPVT 
隱 I 1 I 1 I QUAD 
0.8 0.8 0.8 




Table 3.14 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in CSW based on species 
percentage cover data generated from a 90 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 3.1. Shaded cells list 
the coral species that contributed most to similarities within each 
method (in order of percentage contribution). Clear cells list the 
coral species that contributed most to dissimilarities between 
methods (in order of percentage contribution). 
r Sim 二78.70 
LIT P. LUTEA 
C. serailia 
A. tumida 
Diss=26.99 “ S i m = 8 9 . 9 7 , ~ 
PIT P- decussate P. lutea 
P. aranetai C. japonica 
P. haimeana A. tumida , 
Diss=25.65 Diss 二32.36 Sim=86.41 
RPVT tumida P. decussata P. lutea 
A. digitifera A. tumida C. serailia 
F. pentagona F. pentagona A. digitifera ' 
Diss=35.99 Diss=41.60 Diss=33.18 Sim=89.98 ： 
OITAn p. acuta P. acuta A. digitifera P. lutea '' 
• P. carnosus P. decussata P. acuta C. serailia 
G. columna G. columna F. pentagona E flexousa 
LIT PIT RPVT QUAD 
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Table 3.15 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in CSW based on species 
percentage cover data generated from the A) LIT, B) PIT, C) 
RPVT and D) QUAD method in 30, 60 and 90 min of sampling 
intervals. Symbols for the different monitoring methods follow 
those used in Table 3.1. Upper figure represents the r value and 
lower one the significance level (%) for the pair-wise comparison. 
A) LIT B) PIT 
60min 90miii 60min 90min 
0.136 0.168 0.204 0.288 
15.9 7.1 7.1 0.8 
60min 0.132 ^Omin 
59.5 12.7 
Global R-0.204, p<0.05 Global 11=0.308, p<0.05 
C) RPVT D) QUAD 
60min 90min 60min 90min 
0.112 0.276 0.252 0.292 
19.8 2.4 4.8 2.4 
0072 60min 0 252 ^Omin 
24.6 4 
Global R=0.219,/7<0.05 Global R=0.339,/?<0.05 
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Table 3.16 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in CSW based on species 
percentage cover data generated from A) LIT, B) PIT, C) RPVT 
and D) QUAD method in 30, 60 and 90 min of sampling intervals. 
Symbols for the different monitoring methods follow those used in 
Table 3.1. Shaded cells list the coral species that contributed most to 
similarities within sampling in each time interval (in order of 
percentage contribution). Clear cells list the coral species that 
contributed most to dissimilarities between samplings in different 
time intervals (in order of percentage contribution). 
A) LIT 
； Sim=56.33 
m . P. lutea 30mm 广. 
C.japonica 
P. acuta :: 
Diss=37.10 “ : S i m = 7 5 . 7 5 ,： 
^^ . A. tumida R lutea ^ 
bUmm H. exesa C serailia , : : � 
G. columna L. purpurea 
Diss=34.75 Diss-22.26 Sim=78.70 ；'; 
. A. tumida A. digit if era P. lutea ' ' 
H. exesa A. pruinosa C. serailia 
P. haimeana P. haimeana A. tumida 
30min 60min 90min 
B) PIT 
Sim=63.21 
m • P. lutea -
馳 in C. serailia 
E flexuosa , 
J 
Diss=33.01 S i m = 7 9 . 0 7 ^ 
. L. purpurea P. lutea 
(jUmm A digitifera E flexuosa 
C. japonica L purpurea 
Diss=29.23 Diss=16.17 Sim 二 89.97 
. L. purpurea P. aranetai P. lutea 
9Umm C. japonica P. haimeana Cfjaponica ’ 
A. digitifera F. rotumana ANumida： 
30min 60min 90min 
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Table 3.16 (cont'd) 
C) RPVT 
r S i m = 5 6 . 5 1 -
P‘ lutea 30mm 广 ... 
C. sera Ilia 
F. flexousa 
D i s s = 3 4 . 6 4 - S i m = 7 6 . 3 3 
. A. digitifera P. lutea 
oumm p aranetai C. serailia 
P. decussata R aranetai 
Diss=33.00 Diss=19.04 Sim=86.41 
QQ . A. digitifera G. columna P. lutea 
P. decussate P. carnosus C. serailia 
G. columna A. pruinosa A. digitifera 
30min 60min 90min 
D) QUAD 
I Sim 二 55.31 




^^ . A. pruionsa P. lutea 
()Umm p aranetai L. purpurea 
A. tumida F. flexousa 
Diss 二36.34 Diss=18.39 ^ ^ S i m = 8 9 . 9 8 ^ 
. A. pruionsa A. pruionsa R lutea 
in p carnosus P. carnosus C. serailia 
F. pentagona P. lobata F. flexousa 
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Figure 3.1 Species-Area Plot generated based on data collected using the Line 
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Figure 3.2 Species-Area Plot generated based on data collected using the Point 
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Figure 3.3 Species-Area Plot generated based on data collected using the Random 
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Figure 3.4 Species-Area Plot generated based on data collected using the Quadrat 
method in the 20 m x 20 m plot in Cheung Sha Wan (CSW). 
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Figure 3.5 Effect of increase in number of samples on standard error (SE) of mean 
species count calculated from data obtained using the Line Intercept 
Transect method in the 20 m x 20 m plot in Cheung Sha Wan. Mean 
values are connected by the solid line and dotted lines indicate the range 
of values of SE around the means. Each mean value was generated from 
100,000 randomly drawn sub-samples of original data. 
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Figure 3.12 Plot of variances of standard errors against sample size for data 












0.0 -I 1~~^ 1 1 1 1 
0 5 10 15 20 25 
Samples 
Figure 3.7 Effect of increase in number of samples on standard error (SE) of mean 
species count calculated from data obtained using the Point Intercept 
Transect method in the 20 m x 20 m plot in Cheung Sha Wan. Mean 
values are connected by the solid line and dotted lines indicate the range 
of values of SE around the means. Each mean value was generated from 
100,000 randomly drawn sub-samples of original data. 
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Figure 3.12 Plot of variances of standard errors against sample size for data 








ii 3 _ 
CD 
B 2 -
1 - — 
• • • ? . • , • 
0 A 1 r^  1 1 1 1 1 1 1 1 
0 2 4 6 8 10 12 14 16 18 20 
Samples 
Figure 3.9 Effect of increase in number of samples on standard error (SE) of mean 
species count calculated from data obtained using the Random Point 
Video Transect method in the 20 m x 20 m plot in Cheung Sha Wan. 
Mean values are connected by the solid line and dotted lines indicate the 
range of values of SE around the means. Each mean value was generated 
from 100,000 randomly drawn sub-samples of original data. 
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Figure 3.12 Plot of variances of standard errors against sample size for data 
generated in Figure 3.11. 
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Figure 3.11 Effect of increase in number of samples on standard error (SE) of mean 
species count calculated from data obtained using the Quadrat method 
in the 20 m x 20 m plot in Cheung Sha Wan. Mean values are connected 
by the solid line and dotted lines indicate the range of values of SE 
around the means. Each mean value was generated from 100,000 
randomly drawn sub-samples of original data. 
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Figure 3.12 Plot of variances of standard errors against sample size for data 
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Figure 3.13 Effect of increase in number of samples on standard error (SE) of mean 
percent coral cover calculated from data obtained using the Line 
Intercept Transect method in the 20 m x 20 m plot in Cheung Sha Wan. 
Mean values are connected by the solid line and dotted lines indicate the 
range of values of SE around the means. Each mean value was 
generated from 100,000 randomly drawn sub-samples of original data. 
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Figure 3.12 Plot of variances of standard errors against sample size for data 
generated in Figure 3.11. 
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Figure 3.15 Effect of increase in number of samples on standard error (SE) of mean 
percent coral cover calculated from data obtained using the Point 
Intercept Transect method in the 20 m x 20 m plot in Cheung Sha Wan. 
Mean values are connected by the solid line and dotted lines indicate the 
range of values of SE around the means. Each mean value was 
generated from 100,000 randomly drawn sub-samples of original data. 
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Figure 3.12 Plot of variances of standard errors against sample size for data 
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Figure 3.17 Effect of increase in number of samples on standard error (SE) of mean 
percent coral cover calculated from data obtained using the Random 
Point Video Transect method in the 20 m x 20 m plot in Cheung Sha 
Wan. Mean values are connected by the solid line and dotted lines 
indicate the range of values of SE around the means. Each mean value 
was generated from 100,000 randomly drawn sub-samples of original 
data. 
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Figure 3.12 Plot of variances of standard errors against sample size for data 
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Figure 3.19 Effect of increase in number of samples on standard error (SE) of mean 
percent coral cover calculated from data obtained using the Quadrat 
method in the 20 m x 20 m plot in Cheung Sha Wan. Mean values are 
connected by the solid line and dotted lines indicate the range of values 
of SE around the means. Each mean value was generated from 100,000 
randomly drawn sub-samples of original data. 
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Figure 3.12 Plot of variances of standard errors against sample size for data 
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Figure 3.21 Mean percentage cover (+SD) of corals in the 20 m x 20 m plot in 
CSW estimated by the different monitoring methods using the 
optimal sample size given in Table 3.1. Dotted line represents the 
true percent coral cover inside the mapped plot. Symbols 
representing the monitoring methods follow those used in Table 
3.1. One-way ANOVA was used to evaluate significant differences 
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Figure 3.22 Mean species count (+SD) of corals in the 20 m x 20 m plot in 
CSW estimated by the different monitoring methods using the 
optimal sample size given in Table 3.1. Dotted line represents the 
true species count inside the mapped plot. Symbols representing 
the monitoring methods follow those used in Table 3.1. Kruskal 
Wallis test was used to evaluate significant differences in mean 
species count estimated from the different methods (Chi 
square二 10.625, df=3,;?=0.014). 
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Figure 3.23 Mean Margalef's Index (+SD) of coral diversity in the 20 m x 20 m 
plot in CSW estimated by the different monitoring methods using the 
optimal sample size given in Table 3.1. Dotted line represents the true 
Margalef's Index inside the mapped plot. Symbols representing the 
monitoring methods follow those used in Table 3.1. Kruskal Wallis 
test was used to evaluate significant differences in mean Margalef's 
Index estimated by the different methods (Chi-square=l3.834, df=3, 
p 二0.003). 
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Figure 3.24 Mean Pielou's Index (+SD) of coral diversity in the 20 m x 20 m 
plot in CSW estimated by the different monitoring methods using 
the optimal sample size given in Table 3.1. Dotted line represents 
the true Pielou's Index inside the mapped plot. Symbols 
representing the monitoring methods follow those used in Table 
3.1. One-way ANOVA was used to evaluate significant differences 
in mean Pielou's Index estimated by the different methods 
(F=7.808，df=3，严0.002). Methods denoted by the same letter 






X T "“ 
召 r i r ^ T c 
— I 





‘ ‘ ‘ ‘ 
0.0 “‘ 1..:.'....:丨.….丨 丨 丨 ‘ 丨 T 丨 ‘ “ V 丨 
LIT PIT RPVT Q U A D 
Figure 3.25 Mean Brillouin's Index (+SD) of coral diversity in the 20 m x 20 m 
plot in CSW estimated by the different monitoring methods using 
the optimal sample size given in Table 3.1. Dotted line represents 
the true Brillouin's Index inside the mapped plot. Symbols 
representing the monitoring methods follow those used in Table 
3.1. Kruskal Wallis test was used to evaluate significant differences 
in mean Brillouin's Index estimated by the different methods 
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Figure 3.26 Mean Shannon-Wiener's Index (+SD) of coral diversity in the 20 
m X 20 m plot in CSW estimated by the different monitoring 
methods using the optimal sample size given in Table 3.1. Dotted 
line represents the true Shannon-Wiener's Index inside the mapped 
plot. Symbols representing the monitoring methods follow those 
used in Table 3.1. Kruskal Wallis test was used to evaluate 
significant differences in mean Shannon-Wiener's Index estimated 
by the different methods (Chi-square-6.509, df=3,;?=0.089). 
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Figure 3.27 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
CSW using species percentage cover data generated from different 
monitoring methods. Baseline point represents the true community 
structure. Each other point represents the community structure 
calculated based on the optimal sample size for each method. 
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B I Transform: Fourth root 
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Figure 3.28 (A) MDS ordination plot comparing the coral community structures 
and (B) Dendrogram showing clustering of samples representing 
coral community structures in the 20 m x 20 m plot in CSW using 
generic percentage cover data generated from different monitoring 
methods. Baseline point represents the true community structure. 
Each other point represents the community structure calculated 
based on the optimal sample size for each method. 
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B I Transform: Fourth root 
Resemblance: S17 Bray Curtis similarity 
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Figure 3.29 (A) MDS ordination plot comparing the coral community structures 
and (B) Dendrogram showing clustering of samples representing 
coral community structures in the 20 m x 20 m plot in CSW using 
growth form percentage cover data generated from different 
monitoring methods. Baseline point represents the true community 
structure. Each other point represents the community structure 
calculated based on the optimal sample size for each method. 
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Figure 3.30 Amount of time (min) (mean + SD) required to complete one sample 
for each monitoring method in the 20 m x 20 m plot in Cheung Sha 
Wan (CSW). Field time represents time spent in the field to obtain 
video images and lab time represents time spent in the laboratory to 
analyze the video images collected. Symbols for each monitoring 
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Figure 3.31 Mean percentage coral cover (+SD) in the 20 m x 20 m plot in 
CSW estimated by the different monitoring methods within 30, 60 
and 90 min of sampling intervals. Dotted line represents the true 
percentage coral cover inside the mapped plot. One-way ANOVA 
(with F value given) or Kruskal Wallis test (with Chi-square value 
given) was used to evaluate significant differences in mean 
percentage cover between methods with df = 3 in all cases. 
Symbols for methods follow those used in Table 3.1. Methods 
denoted by same letter indicate that their means are statistically not 
significantly different (Tukey's test, p>0.05). Note different scale 
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Figure 3.32 Effect of increase in sampling effort on mean percentage coral 
cover (+SD) estimated by the different monitoring methods in the 
20 m X 20 m plot in CSW. Dotted line represents the true 
percentage coral cover inside the mapped plot. One-way ANOVA 
(with F value given) was used to evaluate significant differences in 
the mean percentage coral cover between methods with df 二 2 in 
all cases. Symbols used to represent the methods follow those used 
in Table 3.1. Data from RPVT were log transformed. Note 
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Figure 3.33 Mean species count (+SD) in the 20 m x 20 m plot in CSW 
estimated by the different monitoring methods within 30, 60 and 
90 min of sampling intervals. Dotted line represents the true 
species count inside the mapped plot. One-way ANOVA (with F 
value given) or Kruskal Wallis test (with Chi-square value given) 
was used to evaluate significant differences in mean species count 
between methods with df = 3 in all cases. Symbols for methods 
follow those used in Table 3.1. Methods denoted by same letter 
indicate that their means are statistically not significantly different 
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Figure 3.34 Effect of increase in sampling effort on mean species count (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in CSW. Dotted line represents the true species count inside the 
mapped plot. One-way ANOVA (with F value given) or Kruskal 
Wallis test (with Chi-square value given) was used to evaluate 
significant differences in the mean species count between methods 
with df = 2 in all cases. Symbols used to represent the methods 
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Figure 3.35 Mean Margalef's Index (+SD) in the 20 m x 20 m plot in CSW 
estimated by the different monitoring methods within 30, 60 and 90 
min of sampling intervals. Dotted line represents the true Margalef's 
Index inside the mapped plot. One-way ANOVA (with F value given) 
was used to evaluate significant differences in mean Margalef's 
Index between methods with df = 3 in all cases. Symbols for 
methods follow those used in Table 3.1. Methods denoted by same 
letter indicate that their means are statistically not significantly 
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Figure 3.36 Effect of increase in sampling effort on Margalef's Index (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in CSW. Dotted line represents the true Margalef's Index 
inside the mapped plot. One-way ANOVA (with F value given) 
was used to evaluate significant differences in the mean Margalef's 
Index between methods with df = 2 in all cases. Symbols used to 
represent the methods follow those used in Table 3.1. Methods 
denoted by same letter indicate that their means are statistically not 
significantly different (Tukey's test, ；7>0.05). Note different scales 
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Figure 3.37 Mean Pielou's Index (+SD) in the 20 m x 20 m plot in CSW 
estimated by the different monitoring methods within 30, 60 and 90 
min of sampling intervals. Dotted line represents the true Pielou's 
Index inside the mapped plot. One-way ANOVA (with F value given) 
or Kruskal Wallis test (with Chi-square value given) was used to 
evaluate significant differences in mean Pielou's Index between 
methods with df = 3 in all cases. Symbols for methods follow those 
used in Table 3.1. Methods denoted by same letter indicate that their 
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Figure 3.38 Effect of increase in sampling effort on Pielou's Index (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m plot 
in CSW. Dotted line represents the true Pielou's Index inside the 
mapped plot. One-way ANOVA (with F value given) or Kruskal 
Wallis test (with Chi-square value given) was used to evaluate 
significant differences in the mean Pielou's Index between methods 
with df 二 2 in all cases. Symbols used to represent the methods follow 
those used in Table 3.1. Methods denoted by same letter indicate that 
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Figure 3.39 Mean Brillouin's Index (+SD) in the 20 m x 20 m plot in CSW 
estimated by the different monitoring methods within 30, 60 and 90 
min of sampling intervals. Dotted line represents the true Brillouin's 
Index inside the mapped plot. Kruskal Wallis test (with Chi-square 
value given) was used to evaluate significant differences in mean 
Brillouin's Index between methods with df 二 3 in all cases. Symbols 
for methods follow those used in Table 3.1. Note different scale used 
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Figure 3.40 Effect of increase in sampling effort on Brillouin's Index (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in CSW. Dotted line represents the true Brillouin's Index inside 
the mapped plot. Kruskal Wallis test (with Chi-square value given) 
was used to evaluate significant differences in the mean Brillouin's 
Index between methods with df 二 2 in all cases. Symbols used to 
represent the methods follow those used in Table 3.1. Note different 
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Figure 3.41 Mean Shannon-Wiener's Index (+SD) in the 20 m x 20 m plot in 
CSW estimated by the different monitoring methods within 30, 60 
and 90 min of sampling intervals. Dotted line represents the true 
Shannon-Wiener's Index inside the mapped plot. One-way ANOVA 
(with F value given) was used to evaluate significant differences in 
mean Shannon-Wiener's Index between methods with df = 3 in all 
cases. Symbols for methods follow those used in Table 3.1. Methods 
denoted by same letter indicate that their means are statistically not 
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Figure 3.42 Effect of increase in sampling effort on Shannon-Wiener's Index 
(+SD) estimated by the different monitoring methods in the 20 m x 
20 m plot in CSW. Dotted line represents the true Shannon-Wiener's 
Index inside the mapped plot. One-way ANOVA (with F value given) 
or Kruskal Wallis test (with Chi-square value given) was used to 
evaluate significant differences in the mean Shannon-Wiener's Index 
between methods with df = 2 in all cases. Symbols used to represent 
the methods follow those used in Table 3.1. 
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Figure 3.43 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
CSW using species percentage cover data generated from different 
monitoring methods. Baseline point represents the true community 
structure. Each other point represents the community structure 
calculated based on the 30min field sampling for each method. 
Note the stress level in MDS ordination plot >0.2. 
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Figure 3.44 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
CSW using species percentage cover data generated from different 
monitoring methods. Baseline point represents the true community 
structure. Each other point represents the community structure 
calculated based on the 60min field sampling for each method. 
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Figure 3.45 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
CSW using species percentage cover data generated from different 
monitoring methods. Baseline point represents the true community 
structure. Each other point represents the community structure 
calculated based on the 90min field sampling for each method. 
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Figure 3.46 MDS ordination plot comparing the coral community structures in 
the 20 m X 20 m plot in CSW using species percentage cover data 
generated from the (A) Line Intercept Transect (LIT), (B) Point 
Intercept Transect (PIT), (C) Random Point Video Transect (RPVT) 
and (D) Quadrat (QUAD) method in 30, 60 and 90 min of sampling 
intervals. Baseline point represents the true percentage coral cover 
value. Each other point represents data from one sampling survey. 
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Figure 3.47 Dendrogram showing clustering of samples representing coral 
community structures in the 20 m x 20 m plot in CSW using species 
percentage cover data generated from (A) Line Intercept Transect 
(LIT), (B) Point Intercept Transect (PIT), (C) Random Point Video 
Transect (RPVT) and (D) Quadrat (QUAD) method in 30，60 and 90 
min of sampling intervals. Baseline point represents the true 
percentage coral cover value. Each other point represents data from 
one sampling survey. 
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Chapter 4 
Evaluation of monitoring methods in A Ye Wan and A Ma Wan, Tung 
Ping Chau: Coral communities with mid to high percent coral cover 
(25% to 50%) 
4.1 Introduction 
In the past few decades, decline of coral reef at an alarming rate has attracted 
considerable attention to its protection. Many monitoring programs on coral reefs 
have been initiated in order to better understand the dynamics of this ecosystem in 
view of its rapid degradation. Sampling and monitoring methods employed in these 
programs range from those involving field studies like line intercept transect (Loya 
1978), point intercept transect (Segal and Castro 2001), chain intercept transect (Hill 
and Wilkinson 2004), photograph quadrat (Bohnsack 1979; Edmunds et al. 1998), 
quadrat point (UNESCO 1984), manta tow (Kenchington 1978; Miller and Muller 
1999), random point video transect (Carleton and Done 1995, Vogt et al. 1997) and 
reef resource inventory (Long et al. 2004) or those involving more sophisticated 
instrumentation like remote sensing (Mumby et al 1997; Purkis and Riegl 2005) and 
hydroacoustic (Lee 2000). 
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Each monitoring method has its own pros and cons and is favored by different 
workers. The question on which is the most appropriate method for coral reef 
monitoring is still unresolved and no consensus on this has been made. Objective 
evaluation is needed to assess the suitability of these methods for use in coral reef 
monitoring. On top of this, only very limited number of studies has tried to assess the 
accuracy of the monitoring methods (Goodwin et al 1976, Kinzie and Snider 1978, 
Weinberg 1981, Ohlhorst et al 1988). Accuracy should be the ultimate goal of any 
monitoring methods but it is seldom assessed in studies evaluating the monitoring 
methods. It is clear that more information on the performance of these monitoring 
methods, especially in terms of their accuracy, is required in order to resolve the 
controversy. Addressing the problem is essential for scientists and managers to base 
their decision when selecting the most appropriate monitoring method to gain better 
understanding of the abundance, distribution and dynamic pattern in a coral reef. 
McCorry (1994) pointed out that most of the existing monitoring methods have 
inevitably been established in areas of high coral cover. Thus, comparing the 
performance of monitoring methods in areas with high coral cover alone would likely 
be unable to provide information that can be used to resolve the question about the 
efficiency of these same methods in areas with lower coral covers. 
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In this chapter, the performance of four commonly used coral reef monitoring 
methods, namely Line intercept transect (LIT), point intercept transect (PIT), random 
point video transect (RPVT) and quadrat (QUAD) methods, is compared as they were 
applied in two sites with different coral covers, A Ye Wan (AYW) and A Ma Wan 
(AMW) on the northeastern side of Tung Ping Chau Marine Park. These two sites 
support probably the two largest coral communities in Hong Kong. The live coral 
cover in AYW and AMW was estimated to be 17.14±9.81% and 46.15±9.58% 
respectively from an earlier study by Ang et al. (2004). These two sites represent 
communities with mid and high coral covers. The performance of these monitoring 
methods in a site with very low coral cover (<10%) in Cheung Sha Wan is described 
in Chapter 3. Similar to what is reported in Chapter 3, these four monitoring methods 
were applied in a 400m^ plot in each site that was mapped in details with all colonies 
of corals being counted. Data generated from the four monitoring methods, including 
the coral cover, species count, univariate diversity indices and multivariate 
community structures, were compared against the baseline data generated from 
mapping. Two sets of comparison were conducted separately, one using the optimal 
sample size estimated and the other using a fixed sampling effort (i.e. different sample 
sizes that can be obtained under a fixed time). This comparative study serves to 
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provide more comprehensive information to evaluate the performance of these coral 
reef monitoring methods in sites with mid and high coral covers. 
4.2 Methods and materials 
4.2.1 Field monitoring 
The field sampling procedure for the four monitoring methods is similar to those 
applied in Cheung Sha Wan and described in details in Chapter 3. However, a Sony 
digital camcorder (DSR-PD170P) in Amphibico PD 170 underwater housing was used 
instead of the older video camera. 
A total of 20 transects in LIT and RPVT, 25 in PIT and 50 quadrats in QUAD were 
applied respectively inside the 400m^ mapped plot in AYW and AMW. All the corals 
encountered were identified to species level in situ based on Veron (2000) and Ang et 
al. (2003). Other sessile organisms, including sea anemone and sponge, were grouped 
into a single category as "others". 
4.2.2 Laboratory work 
The laboratory procedure is the same as those described in Chapter 3. Video footage 
from RPVT and QUAD methods were captured and studied by image analysis. Data 
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obtained by all four methods were converted to percent cover based on the equations 
given in Chapter 3. 
4.2.3 Sampling effort in each monitoring method 
The sampling time (both in the field and in laboratory) required to complete one 
transect or quadrat of each method was recorded to the nearest min. This field 
sampling time for different monitoring methods was then used to determine how 
many transects or quadrats can be examined by a field worker within a unit time 
interval, i.e. 30, 60 and 90 min. This was the sampling effort calculated for each 
monitoring method. 
4.2.4 Sample size determination 
Two sets of sample size were estimated separately: the optimal sample size and the 
unit effort sample size, i.e. the sample size obtained under a fixed time interval. 
Optimal sample size was estimated by 1) Species-Area plot and 2) Standard 
Error-Area plot using both species count and coral cover data. The number of 
transects or quadrats that can be examined within a time interval of 30, 60 and 90 min 
in the field was calculated as the unit effort sample size. Details on sample size 
estimation are given in Chapter 3. 
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4.2.5 Statistical analysis 
The four monitoring methods were compared using both univariate and multivariate 
statistical analyses. The original data from all the transects or quadrats were 
sub-sampled, based on the optimal or unit effort sample size needed. This procedure 
was repeated five times to simulate five field monitoring surveys using the optimal or 
unit effort sample size. Each set of data from each simulated monitoring survey was 
then treated as a replicate for statistical analysis. More details of the sampling 
procedure and statistical analyses employed are also given in Chapter 3. 
4.2.5.1 Univariate analysis 
Percent coral cover, species number count and common diversity indices, including 
Margalef's index, Pielou's evenness index, Brillouin's index and Shannon-Wiener's 
diversity index were calculated and compared. These parameters were first tested for 
homogeneity and then compared using One Way Analysis of Variance (One-Way 
ANOVA) followed by Tukey post hoc test using statistical package SPSS 13.0 (SPSS 
2004). If equal homogeneity was not assumed, the data were either transformed or 
compared using non-parametric Kruskal-Wallis test. Kruskal Wallis test was used in 
all comparisons involving Brillouin's Index as this index assumes non-random 
sampling of the data, which violates the assumption of ANOVA. 
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4.2.5.2 Multivariate analysis 
All multivariate analyses were performed using the Statistical package PRIMER 6. 
Similarity matrix was first constructed by fourth square-root transformation of the 
data. The results were presented in a Multidimensional scaling (MDS) plot and a 
dendrogram. Analysis of Similarity (ANOSIM) and Similarity Percentage Procedure 
(SIMPER) were then conducted to identify significant difference in coral 
compositions and typifying species among different groups. 
The analysis was repeated using data at species, genus and growth form levels to 
examine the possible difference in community structure generated when data obtained 
are of lower taxonomic resolution. 
4.3 Results 
4.3.1 A Ye Wan 
4.3.1.1 Optimal sample size 
The Species-Area plots (S-A plot) for the four methods are generally similar in shape 
and are shown in Figures 4.1-4.4 respectively. All of the curves first increased rapidly 
and then slowed down gradually. The optimal sample size was estimated as the point 
when the increase in species count started to diminish. Based on the shape of the 
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curve, the optimal sample size for LIT, PIT and RPVT were estimated to be 5 
transects. A much higher sample size of 11 quadrats was estimated for QUAD. 
For both Species Standard Error-Area plots (SSE-A plot) (Figures 4.5, 4.7, 4.9 and 
4.11) and Cover Standard Error-Area plots (CSE-A plot) (Figures 4.13, 4.15, 4.17 and 
4.19), the optimal sample size was calculated by the same approach. The optimal 
sample size was the point where the variability of the standard errors calculated for 
each method dropped sharply. Based on the sharp of the plots (Figures 4.6, 4.8, 4.10 
and 4.12), the optimal sample size estimated for LIT, PIT, RPVT and QUAD was 5, 6, 
5 transects and 10 quadrats respectively. On the other hand, based on the variability of 
the standard errors of CSE-A plot (Figures 4.14, 4.16, 4.18 and 4.20), the optimal 
sample size for LIT, PIT, RPVT and QUAD was estimated to be 5, 5, 5 transects and 
9 quadrats respectively. 
The optimal sample size estimated by the S-A plot, SSE-A plot and CSE-A plot for 
the four monitoring methods are summarized in Table 4.1. Except for QUAD, the 
optimal sample sizes generated by the other three different approaches are very 
similar. In the case for QUAD, CSE-A plot gave slightly lower estimation than the 
other two procedures. The optimal sample size generated from S-A plot was chosen 
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for subsequence analysis as it is more conservative, at least in the case for QUAD, 
and is more widely used in reef studies around the world. 
4.3.1.1.1 Percent coral cover 
All the four monitoring methods gave good estimation on the coral cover inside the 
mapped plot (Figure 4.21). All of them slightly over-estimated the coral cover when 
compared with true value calculated from the detailed mapping. The estimations 
ranged from 27.54±3.13% (from RPVT) to 31.60±5.18o/o (from PIT). They are all 
statistically not different from each other (One-way ANOVA, 05). 
4.3.1.1.2 Species count 
The numbers of species recorded by the monitoring methods vary a lot (Figure 4.22). 
The highest species count was recorded by LIT (19.6±2.30). On the other hand, PIT 
gave the least number of species (11.6土 1.67). However, all the monitoring methods 
severely under-estimated the actual number of species present inside the mapped plot. 
Even for the best method, LIT, the number of species recorded is only less than half of 
the actual number of species present. 
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4.3.1.1.3 Diversity indices 
The pattern of Margalef's Index estimated by the four methods is almost the same as 
that of species count (Figure 4.23). Again, all monitoring methods severely 
under-estimated the Margalef's Index and these estimates are statistically significantly 
different (One-way ANOVA, ;K0.05). The highest Margalef's Index (5.62土0.65) was 
generated from LIT and PIT gave the lowest estimate (3.07士0.35). 
All methods over-estimated the Pielou's Index (Figure 4.24). PIT gave the highest 
estimate (0.90±0.04) than all the other three methods and was the least accurate 
among the four methods for this index. Brillouin's Index calculated from all methods 
are not statistically different from each other (Figure 4.25) (Kruskal Wallis test, 
p>0.05). All four methods provided very good estimation of the Brillouin's Index. For 
Shannon-Wiener's Index, LIT gave significantly higher estimate (2.43±0.17) than 
QUAD (2.13士0.15) (One way ANOVA, ；?<0.05), and all four monitoring methods 
under-estimated the real index in the mapped plot (Figure 4.26). QUAD appeared to 
be the least accurate method among the four for Shannon-Wiener's Index. 
4.3.1.1.4 Community structure 
Based on the MDS ordination plot and Cluster analysis using species cover data 
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(Figure 4.27), different monitoring methods grouped themselves into two main 
( 
clusters. The community structure based on percent coral cover generated from LIT 
and RPVT formed a group at 72% level of similarity. On the other hand, community 
structure based on percent coral cover generated from PIT and QUAD grouped 
together at a slightly higher similarity level (74%). However, the two groups were 
separated from the baseline at the same similarity level. No particular method 
provided better representation of the true community structure. The samples from 
different monitoring methods were separated but with some degree of overlapping 
(0.75�Global R >0.5) (Table 4.2). The community structures generated by different 
monitoring methods were usually characterized by the dominating species in the plot, 
such as Pontes lutea, Platygyra acuta and Leptastrea purpurea, as revealed by 
SIMPER (Table 4.3). 
The patterns of the MDS ordination plot and cluster analysis (Figure 4.28) appeared to 
be similar when taxonomic resolution was reduced to genus and growth form levels. 
Samples from the different monitoring methods separated from the true community 
structure at 67% and 77% levels of similarity based on genus cover data and growth 
form cover data respectively. Grouping of monitoring methods appeared less distinct 
and separation among samples from different methods was not obvious. This was 
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supported by ANOSIM (Table 4.4 & 4.6) which indicated the degree of overlapping 
of the community structure generated to increase with the decrease in the levels of 
taxonomic resolution used. Community structure generated by QUAD using genus 
cover data is more clearly separated from those from the other three methods (0.5> 
Global R >0.25). Community structures generated by different monitoring methods 
using growth form data highly overlapped (Global R < 0.25). The negative r value in 
the pairwise comparison (Table 4.6) indicated the similarity level of between group 
samples was higher than that of within group sample. This provided strong evidence 
to explain the high degree of overlapping of samples generated by different 
monitoring methods. The community structures were again characterized by 
dominating genera and growth forms inside the experimental plot (SIMPER, Tables 
4.5 & 4.7). The separation of samples generated from QUAD from the others was 
mostly contributed by Hydnophora, Acropora, and Favia. Branching coral was the 
top differentiating species among all pairwise comparisons when growth form data 
were used to generate the community structure information. 
4.3.1.2 Sampling efforts in different monitoring methods 
Efforts required to complete one replicate sample (i.e. one transect or quadrat) varied 
among the four methods (Figure 4.30). In the field, LIT and RPVT required much 
157 
Chapter 4 
longer sampling time for one replicate sample than PIT and QUAD. Only 2.16士 1.06 
min was required per QUAD in field sampling, which was about one fourth of the 
time needed by LIT (8.95士4.77min) and RPVT (8.85±2.70min). Laboratory time 
needed to convert field notes and video into data available for analysis was longest for 
RPVT (10.7±4.16min) when compared with the others. LIT, PIT and QUAD required 
relatively much shorter laboratory time (< 5 min) for data generation. 
4.3.1.3 Sample size under fixed effort 
The number of samples surveyed within a fixed time interval for each method was 
inversely related to the time required to complete one single replicate (i.e. transect or 
quadrat). The number of samples that can be completed by QUAD was the highest, 
with up to 13, 27 and 41 quadrats examined within a fixed underwater time period of 
30, 60 and 90 min respectively. The number of samples completed by LIT and RPVT 
methods is identical for all fixed time intervals. The number of replicate samples that 
can be completed within the 30, 60 and 90 min intervals for the different methods is 
summarized in Table 4.8. 
4.3.1.3.1 Percent coral cover 
The four monitoring methods investigated in this study all over-estimated the real 
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coral cover at all fixed time intervals (Figure 4.31). The pattern of result generated 
using 30 min fixed time interval is similar to that generated using optimal sample size, 
while the patterns of result generated from using 60 and 90 min fixed time intervals 
resembled each other. For any fixed time interval, the results obtained by the four 
methods were statistically not significant different (One-way ANOVA, p>0.05). 
For all monitoring methods, increase in sampling effort (i.e. time spent underwater) 
did not cause any significant difference in coral cover estimated (Figure 4.32). 
Increase in sampling effort contributed more to the increase in precision but the 
influence gradually lessened when the sampling effort was increased beyond 60 min 
time intervals. 
4.3.1.3.2 Species Count 
The number of species recorded by different monitoring methods was much lower 
than the actual number of species present inside the 20m x 20m plot. PIT method 
generally yielded a lower species count when compared with the other three methods 
and significant difference was detected for data generated at both 60 and 90 min time 
intervals (One-way ANOVA, p<0.05; Figure 4.33). Although the lowest species count 
at 60 min interval was generated by RPVT, this was most likely an artifact since the 
159 
Chapter 4 
species count estimated by RPVT was statistically not significantly different from 
those by LIT and QUAD in both 30 and 90 min time intervals (One-way ANOVA, 
/7>0.05). l i t and QUAD recorded similar number of species in all the time intervals 
tested and their estimation was relatively more accurate than those from the other 
methods, despite the poor estimation from all the methods examined. 
Increase in sampling effort resulted in significant increase in species count in all 
methods tested (One-way ANOVA or Kruskal Wallis test, <0.05; Figure 4.34). 
However, Only RPVT and QUAD showed a significant increase in species count 
when sampling effort was increased from 60 min to 90 min, while both LIT and PIT 
only showed a significant increase in species count when sampling effort was 
increased from 30 min to 60 min. 
4.3.1.3.3 Diversity indices 
The pattern of Margalef's Index (Figure 4.35) from different monitoring methods 
resembled those calculated for the number of species recorded. PIT gave the lowest 
Margalef's Index among the four methods at all fixed time intervals used (One-way 
ANOVA or Kruskal Wallis test, /KO.05). Therefore, Margalef's Index generated by 
data from PIT was the least accurate as all methods severely under-estimated the real 
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value of the index inside the mapped plot. Increase in underwater sampling effort 
increased the Margalef's Index calculated for all monitoring methods (One-way 
ANOVA or Kruskal Wallis test,/?<0.05; Figure 4.36). 
For different monitoring methods at all fixed time intervals, PIT always gave the 
highest Pielou's Index than the other three monitoring methods (One-way ANOVA or 
Kruskal Wallis test, p<0.05; Figure 4.37). All methods over-estimated the true 
Pielou's Index and increase in sampling time for all methods did not lead to any 
significant change in the estimate (One-way ANOVA or Kruskal Wallis test, p>0.05; 
Figure 4.38). 
The Brillouin's Index generated by different monitoring methods using the same 
sampling effort was statistically not significantly different from each other. The index 
calculated by different monitoring methods was close to the real value generated from 
the mapped baseline (Chapter 2, Figure 4.39). The Brillouin's Index generated from 
the 30 min survey data was significantly lower than that generated from the other two 
time intervals for LIT and QUAD (Kruskal Wallis test, p<0.05; Figure 4.40), 
suggesting that lower Brillouin's Index may be obtained by LIT and QUAD when 
survey time was limited. 
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Shannon-Wiener's Index was under-estimated by all monitoring methods at all fixed 
time intervals (Figure 4.41). The estimation from the four methods was generally 
similar at all time intervals. Among the three fixed time intervals used, significant 
difference was only detected when 60 min fixed time interval was used. RPVT gave 
lower value of the index than LIT and PIT (One-way ANOVA, /?<0.05). Increase in 
sampling effort led to a significant increase in the Shannon-Wiener's Index calculated 
by LIT，PIT and QUAD (Kruskal Wallis test，/7<0.05; Figure 4.42). This in turn, 
resulted in a more accurate estimation of the Index. 
4.3.1.3.4 Community structure 
MDS ordination plot and Cluster analysis using percent coral cover data from the 30 
min survey were constructed (Figure 4.43) to display the relationship among the 
community structures generated by different monitoring methods. However, the stress 
level of the MDS plot is >0.2, suggesting that the 2-D representation is distorted. 
Samples from different monitoring methods mixed together and no distinct grouping 
can be identified. Furthermore, the true community structure separated from those 
generated from the monitoring methods at a low level of similarity, suggesting that 
none of the four methods can provide a good estimation of the real community 
structure. From ANOSIM (Table 4.9), samples from RPVT generally were not 
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separated from the others (significant level >5%), while samples from the other 
methods separated from each other but with some degree of overlapping (0.5 > Global 
R > 0.25). This was so mainly because most samples were dominated by the same 
species, name ly Pontes lutea, Platygyra acuta, Leptastrea purpurea and Favites 
flexousa (SIMPER, Table 4.10). 
When the fixed sampling effort increased from 30 min to 60 min, much clearer 
grouping among methods was observed in both MDS ordination plot and dendrogram 
(Figure 4.44). Samples from LIT and PIT clustered themselves together at similarity 
level around 80%, while samples from RPVT and QUAD formed distinct group on 
their own at 82% and 83% similarity levels respectively. However, the baseline 
community structure was separated at a lower level of similarity from the community 
structures generated by the different monitoring methods. The similarity between the 
baseline community structure and those generated from the monitoring methods 
increased with the increase in fixed underwater sampling effort. The latter also 
showed increasing levels of similarity among themselves when underwater sampling 
effort was increased, but no particular method was shown to be more superior than the 
others in improving the similarity in the community structure generated. 
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The distinct grouping observed in Figure 4.44 is supported by ANOSIM (Table 4.11), 
where all the pairwise comparisons were shown to be Global R > 0.5, except for LIT 
versus PIT. From SIMPER (Table 4.12), P. carnosus, G. djiboutiensis, A. digitifera, P. 
ryukuensis and L. pruinosa were likely to be the differentiating species that separated 
the LIT and PIT clusters from those of RPVT and QUAD. 
Under 90 min fixed sampling time, the grouping pattern was even more obvious in 
both MDS ordination plot and dendrogram (Figure 4.45). The grouping pattern was 
similar to that obtained in 60 min fixed time survey, except that both within and 
between group similarities increased. Clear clustering of the samples from LIT, PIT, 
RPVT and QUAD were formed at 87%, 86%, 86% and 95% similarity levels 
respectively. The samples were highly separated from each other as shown by 
ANOSIM (Global R > 0.75, Table 4.13) and SIMPER (Table 4.14). 
Based on the MDS ordination plot of all monitoring methods, the samples from 60 
min and 90 min surveys clustered together and grouped themselves closer to the 
baseline than the 30 min samples (Figure 4.46). However, this was only partially 
supported by the cluster analysis. The dendrogram showed the samples from 60 min 
and 90 min surveys to be grouped together at similarity level of over 80% for all 
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monitoring methods (Figure 4.47). However, the baseline community structure tended 
to be separated from the rest of the samples at a lower similarity level. Samples from 
30 min fixed time intervals also tended to be different and were separated.from the 
rest at various similarity levels, some as low as <70%. 
Pairwise comparison from ANOSIM demonstrated that community structures 
generated from different methods were, by and large, very similar to each other. Only 
samples generated between 30 min and 90 min surveys were shown to be clearly 
different but with some overlaps (pairwise comparison r > 0.25, Table 4.15). Increase 
in sampling effort increased the within group similarity for all methods (SIMPER, 
Table 4.16). However, between groups similarity was high in most cases. The between 
group similarity can sometimes even be higher than the within group similarity. This 
phenomenon was particularly obvious with respect to the 30 min survey samples. 
4.3.2 A Ma Wan 
4.3.2.1 Optimal sample size 
The Species Area plots (S-A plot) for data from AMW did not show any sharp 
decrease in species count with an increase in sample size (Figures 4.48-4.51). Based 
on the shape of the species area curve, the optimal sample size fell within a broader 
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region where the rate of species addition decreased. This being the case, the best 
estimate for the optimal sample size for LIT, PIT, RPVT and QUAD was 6, 6, 5 
transects and 14 quadrats respectively. 
The pattern and shape of the Standard Error-Area plot (SE-A plot) were very similar 
using either the species count data (Figures 4.52, 4.54, 4.56 and 4.58) or the coral 
cover data (Figures 4.60, 4.62, 4.64 and 4.66). Variation of the SE decreased rapidly 
at the first few samples and the optimal sample size was estimated as the point where 
the rate of change in the variation of the SE was sharply reduced. Based on the 
variability of the standard error for each method (Figures 4.53, 4.55, 4.57 and 4.59), 
the optimal sample size estimated by SSE-A plot for LIT, PIT, RPVT and QUAD was 
6, 6, 5 transects and 9 quadrats respectively. The optimal sample size estimated by 
CSE-A plot (Figures 4.61, 4.63, 4.65 and 4.67), for LIT, PIT, RPVT and QUAD was 6, 
6, 5 transects and 9 quadrats respectively. 
The optimal sizes calculated by S-A plot, SSE-A plot and CSE-A plot for the four 
monitoring methods are summarized in Table 4.17. The sample sizes estimated by the 
three different approaches were very similar except for the QUAD method. The 
number of samples estimated by S-A plots was much higher than those estimated 
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from SE-A plots. In order to be more conservative for the estimation, the sample sizes 
estimated by the S-A plots were selected as the optimal sample sizes in further 
sampling and analyses. 
4.3.2.1.1 Percent coral cover 
The percent coral cover estimated by LIT, PIT and RPVT methods were almost 
identical. All gave an estimate of around 62% coral cover in the mapped plot (Figure 
4.68). On the other hand, the percent coral cover estimated by QUAD (49.15±4.74%) 
was significantly lower than those from the other three methods (One-way ANOVA, 
/7<0.05). However, since all monitoring methods over-estimated the real coral cover 
value, the estimate obtained by QUAD was the most accurate, i.e. closest to the true 
value generated from the baseline, among the four monitoring methods. 
4.3.2.1.2 Species count 
All the monitoring methods recorded less that half of the species number actually 
present inside the mapped plot using their respective optimal sample size. These 
results were separated into two main groups (Tukey test, p<0.05, Figure 4.69). The 
number of species recorded by LIT (22.4±1.34) and RPVT (21.0±2.24) were 




4.3.2.1.3 Diversity indices 
The pattern of the Margalef's Index from different monitoring methods was very 
similar to that shown by the species count. Again, estimates from the four methods 
were separated into two groups, LIT and RPVT gave higher Margalef's Index than 
PIT and QUAD (One-way ANOVA, /7<0.05, Figure 4.70). All the methods 
under-estimated the index severely, the Margalef's Index calculated by different 
monitoring methods was all below 50% of the true index calculated using the baseline 
data. 
For Pielou's Index, estimates from the four monitoring methods also separated into 
two groups, but the pattern was the reverse of that observed for the species count and 
Margalef's Index. PIT and QUAD gave higher estimation than LIT and RPVT using 
their respective optimal sample size (One-way ANOVA, p<0.05, Figure 4.71). All the 
monitoring methods over-estimated the Pielou's Index. Hence, LIT and RPVT gave a 
more accurate estimation of the index than the other two. 
The pattern of Brillouin's Index and Shannon-Wiener's Index calculated from results 
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generated from the different monitoring methods was similar. In general, all the 
monitoring methods tended to under-estimate both indices (Figures 4.72 and 4.73). 
For both indices, significant difference among methods was detected. PIT recorded 
the highest value (1.55±0.09 for Brillouin's Index and 1.84±0.08 for 
Shannon-Wiener's Index) while QUAD gave the lowest value (1.31±0.08 for 
Brillouin's Index and 1.54士0.13 for Shannon-Wiener's Index). This suggests that 
QUAD was the least accurate method for both indices. 
4.3.2.1.4 Community structure 
Clear groupings can be observed by MDS ordination plot and Cluster analysis (Figure 
4.74), in which samples from QUAD separated from those of the other methods at a 
low similarity level (63%) whereas RPVT group was formed at a higher similarity 
level (71%). The dendrogram also revealed that QUAD provided the least accurate 
estimation to the true community structure. Samples from LIT and PIT clustered 
together into a large group at 68% level of similarity. The true community structure 
was separated from those generated from LIT, PIT and RPVT at 68% similarity level, 
which was 5% higher than those from QUAD. 
ANOSIM (Table 4.18) showed that the community structures obtained from different 
169 
Chapter 4 
monitoring methods overlapped but yet with clear separation from each other (0.75 > 
Global R > 0.5). From SIMPER (Table 4.19), the outlying group QUAD was 
differentiated from the other monitoring methods by the coral species like 
Echinophyllia. aspera and Platygyra ryukyuensis. 
When the taxonomic resolution was reduced to the genus level, community structure 
generated by RPVT became the most accurate estimation of the true community. 
Samples from RPVT formed a cluster with the baseline community structure at 85% 
level of similarity (Figure 4.75). This was followed by LIT at around 82% similarity 
level. ANOSIM (Table 4.20) again showed that the community structures generated 
from the different monitoring methods overlapped but with clear difference from each 
others (0.75 > Global R >0.5). Galaxea appeared to be the only common genus that 
had high contribution in differentiating RPVT samples from those of the other three 
methods (SIMPER, Table 4.21). 
When the taxonomic resolution was further compressed to the level of growth forms, 
the community structure pattern generated from the monitoring methods changed 
dramatically. As shown in MDS ordination plot (Figure 4.76), samples from different 
monitoring methods tended to mix with each other. In contrast to the analysis using 
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genus level data, RPVT appeared to be the least accurate method in presenting the 
community structure this time as they were separated from the others, including the 
baseline, at a lower similarity level (90%). ANOSIM (Table 4.22) showed that 
samples from different monitoring methods overlapped but with clear difference from 
one another. The separation among different methods was mainly contributed by 
QUAD with submassive coral being the common growth form that differentiated 
samples of QUAD from those of the other monitoring methods (SIMPER, Table 4.23). 
4.3.2.2 Sampling efforts in different monitoring methods 
The time required to complete one unit of sample (i.e. transect or quadrat) was highly 
variable among the four tested methods (Figure 4.77). RPVT was the most time 
consuming method in the field, which required 12.75士 1.97 min to complete one 
transect. On the other hand, QUAD required far less effort, with only 2.06±0.62 min 
needed to complete one quadrat. 
Data generation time in the laboratory was also longest for RPVT method, which 
required 15.05 士 3.63 min to complete the point sampling analysis of one transect. On 
the other hand, laboratory data processing time was generally short for the other three 
methods (< 6 min). Combining the sampling time in the field and data processing time 
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in the laboratory, RPVT was the most time consuming method (27.8±5.6 min), which 
was more than three times the effort needed for PIT (6.96±2.31 min). 
4.3.2.3 Sample size under fixed effort 
Highest sample size can be completed by QUAD under fixed field sampling effort as 
it required least sampling effort per sample. The number of samples that can be 
completed by QUAD can be more than double of those from the other methods using 
the same sampling effort. Table 4.24 summarizes the number of samples (transect or 
quadrat) that can be completed under 30，60 and 90 min of fixed time intervals for the 
different methods. 
4.3.2.3.1 Percent coral cover 
The pattern of percent coral cover estimated by fixed unit of time interval for all 
monitoring methods was similar to that generated using optimal sample size (Figure 
4.78). All monitoring methods over-estimated the coral cover and the problem was 
serious for LIT, PIT and RPVT. The QUAD consistently gave lower coral cover 
estimates than the other three methods and significant difference in these estimates 
was detected among monitoring methods using 60 min and 90 min fixed sampling 
effort. The estimates from QUAD, however, were closest to that of the true value and 
172 
Chapter 4 
therefore, QUAD was the most accurate method for percent coral cover estimation. 
The increase in sampling effort could potentially improve the accuracy of the estimate 
and this was most obvious for QUAD (Figure 4.79). However, no significant 
difference was detected among the estimates from the different monitoring methods 
even with an increase in sampling time. Hence, increase in effort (sampling time) did 
not guarantee a simultaneous increase in data accuracy within the time intervals 
tested. 
4.3.2.3.2 Species Count 
Significant difference in species count was detected at all time intervals (One-way 
ANOVA or Kruskal Wallis test, p<0.05, Figure 4.80). PIT consistently recorded the 
lowest number of species among the four methods at all fixed time intervals. On the 
other hand, highest number of coral species was recorded by LIT, but the estimate was 
not statistically significantly different from those of RPVT and QUAD (at least for 60 
min survey time, Figure 4.80). 
Increase in sampling effort increased the number of species recorded by all 
monitoring methods (One-way ANOVA or Kruskal Wallis test, j9<0.05, Figure 4.81). 
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LIT recorded the highest number of species among the four methods in all the time 
intervals tested. Still, less than half of the total number of species actually present in 
the mapped plot was recorded by LIT at 90 min fixed time interval. All the monitoring 
methods severely under-estimated the number of species present. 
4.3.2.3.3 Diversity indices 
The pattern of the result for Margalef's index was similar to that for species count in 
which all methods far under-estimated the real index value calculated from the 
baseline (Figure 4.82). Similar to species count, PIT gave the lowest Margalef's Index 
at all time intervals. This suggested that PIT also was the least accurate method for 
Margalef's Index. For all methods, increase in sampling effort increased the 
Margalef's index calculated and hence the accuracy of the estimation (Figure 4.83). 
The positive effect of increase in sampling effort on accuracy was consistent for all 
the time intervals investigated in this study. 
All methods over-estimated the Pielou's Index (Figure 4.84). PIT over-estimated the 
index the most and QUAD gave the lowest and most accurate estimation under all 
fixed time intervals. However, increase in sampling effort did not result in significant 
difference in the Pielou's index calculated by all methods (Figure 4.85). 
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All monitoring methods provided good estimation on the Brillouin's Index (Figure 
4.86) but under-estimated the Shannon-Wiener's Index (Figure 4.88). However, for 
both Brillouin's Index and Shannon-Wiener's Index, similar patterns were obtained. 
QUAD tended to give lower value for both indices when compared to the other three 
monitoring methods. Sampling effort appeared to play a more significant role on 
Shannon-Wiener's Index. Increase in underwater survey time did not change the 
Brillouin's Index estimated significantly (Figure 4.87) but resulted in significant 
increase in the Shannon-Wiener's Index estimated by LIT and QUAD (Figure 4.89). 
4.3.2.3.4 Community structure 
All community structures generated by the monitoring methods under 30 min fixed 
sampling interval were separated from the baseline at comparable similarity level of 
60-61% (Figure 4.90). Samples from different monitoring methods tended to mix with 
each other. From ANOSIM (Table 4.25), community structures generated by different 
sampling methods overlapped but with clear difference (0.75 > Global R >0.5). The 
separation was least obvious between LIT and RPVT (r < 0.25). From SIMPER 
(Table 4.26), the two dominating species Platygyra acuta and Pavona decussata 
typified the community structure generated from all monitoring methods. 
175 
Chapter 4 
Much clearer clustering of samples from monitoring methods can be observed in the 
MDS ordination plot and dendrogram (Figure 4.91) when survey time increased to 60 
min. Clear grouping of the LIT, PIT, RPVT and QUAD data can be obtained at 73%, 
78%, 75% and 83% of similarity levels respectively. The distinct grouping was 
supported by ANOSIM (Table 4.27), which showed clear separation among the 
community structures generated by different monitoring methods (Global R > 0.75). 
From SIMPER (Table 4.28), P. ryukuensis, G. lobata and G. fasicularis were the 
common differentiating species in the community structures generated from the 
different methods. 
The separation among community structures was even more distinct when the time 
interval for field sampling was increased to 90 min. In MDS ordination plot and 
dendrogram (Figure 4.92), samples from the same methods formed distinct cluster 
around or above 80% level of similarity. This was further confirmed by high Global R 
value from ANOSIM (Table 4.29). The r value of the pairwise comparison between 
samples from QUAD and LIT and between QUAD and PIT equaled 1, suggesting that 
all community structures generated within method are more similar to each other than 
any replicates from different methods. From SIMPER (Table 4.30), G. lobata and P. 
lobata were the two species that contributed most to the separation of QUAD samples 
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from the others, while a mix of different species was responsible for the differences 
among the community structures generated by other methods. 
For all methods, similar pattern was obtained when samples generated under different 
sampling time intervals were plotted in a MDS ordination plot (Figure 4.93). Samples 
generated under 60 and 90 min of sampling efforts clustered together to form a single 
group that was positioned closer to the baseline than the 30 min samples. Similar 
pattern was observed in the dendrogram (Figure 4.94) with samples from 60 and 90 
min generally clustered together. However, as shown in the cluster analysis, all 
samples generated from different sampling efforts were separated from the true 
community structure at comparable similarity level except for those generated from 
RPVT. ANOSIM (Table 4.31) suggested that the samples obtained under different 
fixed sampling time intervals all overlapped but with clear separation except for those 
from LIT. Pairwise comparison of samples from LIT and RPVT showed significant 
result only when the comparison was made between samples generated from 30 min 
and 90 min of sampling intervals. SIMPER (Table 4.32) showed samples from 
different monitoring methods under different survey times to be typified mainly by 





4.4.1 Optimal sample size 
The three procedures for sample size optimization, S-A plot, SSE-A plot and CSE-A 
plot, generally suggest the use of similar optimal number of samples in the different 
monitoring methods except for QUAD. This is consistent among the two study sites 
AYW and AMW. The S-A plot tends to estimate higher optimal sample size required 
for the sampling when compared with the two SE-A plots. Thus, S-A plot is more 
conservative than the two SE-A plots. The possible reason of this phenomenon is 
discussed in section 3.5.1. 
4.4.2 Coral Cover 
In both AYW and AMW, all monitoring methods over-estimated the true coral cover 
inside the experimental plot. However, the pattern of the result was quite different 
between the two sites. In AYW, the estimated coral covers from the four monitoring 
methods were quite similar to each other and their deviation from the real coral cover 
was small. On the other hand, only QUAD appeared to generate coral cover close to 
the true coral cover in AMW, while PIT, LIT and QUAD estimates all appeared to 
deviate quite significantly from the baseline. 
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When optimal sample size was used in sampling and applying the same evaluation 
criteria (±20o/o deviation from true coral cover) as those used by Kinzie and Snider 
(1978), contradictory results in the two study sites were observed. All monitoring 
methods in AYW generated reliable results on the coral cover. However, QUAD was 
the only method providing reliable data on the coral cover in AMW, which is similar 
to the pattern observed in CSW (Chapter 3). The results observed in AMW are a 
compromise between the findings of Kinzie and Snider (1978), who did not find any 
of the methods they tested to be reliable, and those of Weinberg (1981) who also 
found quadrat method to be the most reliable among the methods he evaluated. The 
reason for the discrepancy of the results observed in the two study sites is not clear. 
This is one of the major challenges in the study of the performance of monitoring 
methods as contrasting results are often obtained from different sampling sites. The 
difference in the coral community structure among different study sites is likely one 
of the most important explanations. The effectiveness of monitoring methods may be 
affected by many possible reasons such as spatial heterogeneity, inter-colony distance, 
size distribution of colonies and coral cover. The possible effect of coral cover on the 
effectiveness of these four monitoring methods is further explored in Chapter 5. 
When common fixed time interval was used in the survey, the results obtained were 
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comparable. Similar percent cover was estimated from different monitoring methods 
in AYW, and the performance of QUAD was the most superior in AMW. This is in 
contrast to the findings by Ohlhorst et al. (1988), who suggested PIT as the most 
efficient methods among the four monitoring methods they tested. The simulated reef 
composed only of 10 equal-sized "species" used by Ohlhorst et al. is likely to be too 
simplified to be able to capture the differences in efficiency among the monitoring 
methods they evaluated 
Sampling effort employed is a central element that will clearly affect the performance 
of the monitoring methods. The results from this present study suggest coral cover 
estimated by different monitoring methods is likely to stabilize even with a small 
sample size since coral cover estimate generated by these monitoring methods using 
different underwater survey time intervals does not differ much from one another in 
most cases. Increase in sample effort probable plays a more important role in 
increasing precision and statistical power of the results. Thus, the use of many 'quick 
and dirty' samples instead of few detailed samples is preferred, as the former strategy 
allows covering of a larger area and an increase in statistical analytical power on a 
sample differences (Kinzie and Snider 1978) 
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4.4.3 Species Count 
All monitoring methods severely under-estimated the total number of species present 
inside the mapped area, a situation not unlike the one reported in Cheung Sha Wan 
(CSW) earlier (Chapter 3). In general, the use of LIT allows the record of higher 
number of species than the others, while PIT always records the least number of 
species. This discrepancy may be related to the fact that the actual area sampled by 
PIT is likely to be the smallest among all methods (see more detailed discussion on 
this in Chapter 3, Section 3.5.3). 
The true total species count recorded from the baseline is much higher than that 
recorded by any of the monitoring methods examined and the number of species 
count recorded would tend to reach a plateau after intensive survey. Therefore, species 
with cover lower than a certain threshold will be less likely to be recorded by the 
monitoring methods. As discussed in Chapter 3, if a monitoring method can identify 
N species at 60 min survey, the percent cover of the species may indicate the 
detection limit of the method. Since species count leveled off at the 60 min survey 
effort in AYW but was still increasing in AMW, the number of species that can be 
observed by a 60 min survey effort in AYW was used to estimate the detection limit of 
the monitoring method in AYW. In AMW, this limit was estimated using the number 
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of species recorded in a 90 min survey. The detection limit estimated varied among 
methods, but was generally within the range of 0.1-0.2%. Species that has a coverage 
lower than this threshold value is less likely to be sampled by the monitoring methods. 
This threshold value is similar to that calculated in CSW (Chapter 3). This also 
explains why the proportion of species counted by the monitoring methods used in the 
present study is much lower than that in the computer simulation study by Ohlhorst et 
al. (1988). The least abundant "species" in their simulation study has a cover of 0.7%, 
a value that is much higher than the threshold cover estimated in this study. Therefore, 
it is not surprising that over 90% of the total species present were recorded by 
different monitoring methods after 30 min of fixed sampling time in their study. 
4.4.4 Diversity Indices 
For the four diversity indices investigated in this study, the results from AYW and 
AMW are generally consistent with those from CSW reported in Chapter 3, except 
that the Brillouin's Index was generally under-estimated in AYW and AMW. 
Margalef's Index was under-estimated while Pielou's Index was over-estimated by all 
the four monitoring methods using either the optimal sample size or under any of the 
fixed unit time efforts. For both indices, PIT estimates exhibited the largest deviation 
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from the true value estimated from the baseline. Although Margalef's index 
emphasizes the species richness and Pielou's the species evenness, the reason for the 
poor performance by PIT is likely to be related to its low ability to detect the species 
count. Margalef's Index is much more sensitive to sampling effort than Pielou's Index 
and this is shown by the significant changes in the value of the indices estimated by 
the different monitoring methods as a result of change in sampling efforts in both 
sites. 
The estimates for Brillouin's Index and Shannon-Wiener's Index were comparable in 
both sites as Magurran (2003) suggested that these two Indices are correlated. For 
Brillouin's Index, difference in the estimates among methods was only detected in 
AMW but not in AYW in both analyses using optimal sample size and unit time 
survey. QUAD generally gave lower estimates than the other methods in AMW. 
However, increase in sampling effort only played a significant role in AMW but not in 
AYW in affecting the estimates. 
QUAD also gave a lower estimate for Shannon-Wiener's index than the other 
methods in both AYW and AMW. As all methods under-estimated the index, QUAD 
was the least accurate. Besides, increase in survey time consistently increased the 
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accuracy of the index estimated in both sites. 
4.4.5 Community Structure 
Multivariate analysis is gaining popularity and is becoming a more common tool to 
interpret the monitoring data which are multidimentional in nature. However, 
previous comparative studies on coral reef monitoring methods have not employed 
multivariate approach in their analysis and the ability of different monitoring methods 
in estimating reef community structure remains unknown. The results presented here 
serve as an initial attempt to address the question. 
The results from AYW and AMW show that all the four monitoring methods have 
comparable efficiency in estimating the community structures. Most samples 
generated were very similar, with level of similarity ranging from 60-70%, to that of 
the true community structure generated from the baseline. Community structure 
estimated by QUAD showed a lower % similarity to the true community structure 
than that by the other three methods. Nevertheless, the difference in similarity level 
between the baseline community structure and that from QUAD, and between the 
baseline and those from other monitoring methods is small (< 5%), as shown in the 




The community structures generated from all these methods were grouped separately 
but with some degree of overlapping. More distinct grouping was formed in AYW and 
AMW when compared with CSW. The degrees of overlapping increased when 
taxonomic resolution of the data was compressed and simplified from the level of 
species, to genus and growth forms. 
When similar sampling effort was employed, data from the monitoring methods 
tended first to cluster together. When sampling efforts increased, then samples from 
the same monitoring methods started to group themselves together and discriminated 
from those from the other monitoring methods. Although distinct groupings based on 
data from the different monitoring methods were formed, their level of similarity with 
that generated from the baseline remained more or less the same at around 60%. This 
demonstrates that all the four methods investigated in this study give similar 
estimation of the community structure of the mapped plot. 
Many of the results presented here show consistent patterns with those observed in 
Cheung Sha Wan, a site with much lower coral cover (Chapter 3). This provides some 
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general information on the accuracy of the commonly employed monitoring methods 
in generating some common monitoring parameters. However, some results obtained 
from different study sites appear contradictory. For example, LIT, PIT and RPVT gave 
poor estimation of the coral cover in CSW but they gave reasonable estimation in 
AYW. This suggests that a more complex dynamics related to actual reef 
characteristics may be involved in affecting the accuracy of the results generated by 
the monitoring methods. Exploration of the significance of this complexity will 
require more comprehensive comparative analyses on the performance of the different 
monitoring methods in different study sites with different community characteristics, 
as given in Chapter 5. 
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Table 4.1 The optimal sample size estimated by the Species-Area plot (S-A 
plot), Species Standard Error-Area plot (SSE-A plot), Cover 
Standard Error-Area plot (CSE-A plot) for the four monitoring 
methods, Line Intercept Transect (LIT), Point Intercept Transect 
(PIT), Random Point Video Transect (RPVT) and Quadrat (QUAD) 
methods in A Ye Wan (AYW). 
LIT PIT RPVT QUAD _ 
S-A plot 5 — 5 5 11 
"~TSE-Aplot 5 6 5 10 
~~CSE-Aplot I 5 I 5 I 5 I 8 " 
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Table 4.2 Results of ANOSIM analysis comparing the coral community structures in 
the 20 m X 20 m plot in AYW based on species percentage cover data 
generated from optimal sample size sub-sample survey using different 
monitoring methods. Symbols for the different monitoring methods follow 
those used in Table 4.1. Global R=0.635, p< 0.05 Upper figure represents 
the r value and lower one the significance level (%) for the pair-wise 
comparison. 
LIT PIT RPVT 
0.752 0.54 0.668 o u A D 
0.8 0.8 0.8 




Table 4.3 Results of SIMPER analysis comparing the coral community structures 
in the 20 m x 20 m plot in AYW based on species percentage cover data 
generated from optimal sample size sub-sample survey using different 
monitoring methods. Symbols for the different monitoring methods 
follow those used in Table 4.1. Shaded cells list the coral species that 
contributed most to similarities within each method (in order of 
percentage contribution). Clear cells list the coral species that 
contributed most to dissimilarities between methods (in order of 
percentage contribution). 
I' Sim=79:05 
ITT P. lutea , ：'‘ 
Lll P. acuta , 
L purpurea 
Diss=29.61 — S i m = 7 6 . 1 1 
PIT F. pentagona P. lute a ‘ 
^^^ P .aranetai P. acuia / 
L. purpurea L purpurea 
Diss=23.96 Diss=28.80 Sim=82.08 
PPVT P- carnosus P. carnosus P. lutecr , 
P. aranetai F. pentagona P. acuta ‘ 
?. ryukyuensis P. ryukyuensis F. flexousa 
Diss=29.43 Diss 二28.86 Diss=28.60 Sim=76.40 
OTTAFI L. pminosa P. aranetai H. exesa L. purpurea 
^ H. exesa A. digitifera P. ryukyuensis P. lutea 
F. rotumana H. exesa P. carnosus P. acuta , 
— LIT PIT RPVT QUAD — 
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Table 4.4 Results of ANOSIM analysis comparing the coral community structures 
in the 20 m x 20 m plot in AYW based on generic percentage cover data 
generated from optimal sample size sub-sample survey using different 
monitoring methods. Symbols for the different monitoring methods 
follow those used in Table 4.1. Global R=0.353, p< 0.05 Upper figure 
represents the r value and lower one the significance level (%) for the 
pair-wise comparison. 
LIT PIT RPVT 
0.536 0.256 0.4 QUAD 
0.8 3.2 2.4 
0.22 0.272 l i t 
5.6 6.3 
0.184 p i i 
10.3 
Table 4.5 Results of SIMPER analysis comparing the coral community structures 
in the 20 m x 20 m plot in AYW based on generic percentage cover data 
generated from optimal sample size sub-sample survey using different 
monitoring methods. Symbols for the different monitoring methods 
follow those used in Table 4.1. Shaded cells list the coral genera that 
contributed most to similarities within each method (in order of 
percentage contribution). Clear cells list the coral genera that contributed 
most to dissimilarities between methods (in order of percentage 
contribution). 
Sim-85.45 ； 
I IT ？prites^ .： : ？ 
LH Platygyra 
Leptdstrea 
Diss 二 18.40 : Sim二 81.32 
pi^rp Goniastrea Porites 双 “ 
Acropora Platygyra 
Montipora Leptastrea. 
Diss=16.30 Diss=17.41 Sim=86.15 
RPVT Acropora Goniastrea Porites 
Montipora Acropora Platygyra 
Turbinaria Turhinaria Favites , 
Diss=20.22 Diss 二 19.61 Diss 二 19.06 Sim=64.59 
riTTAFl Favia Hydnopora Hydnopora Porites ' ' , , 
^ Hydnophora Acropora Acropora Platygyra -/-. . 
Montipora Favia Favia Leptastrea., 
LIT PIT RPVT QUAD 
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Table 4.6 Results of ANOSIM analysis comparing the coral community structures 
in the 20 m x 20 m plot in AYW based on coral growth form percentage 
cover data generated from optimal sample size sub-sample survey using 
different monitoring methods. Symbols for the different monitoring 
methods follow those used in Table 4.1. Global R=0.005，p> 0.05 
Upper figure represents the r value and lower one the significance level 
(%) for the pair-wise comparison. 
LIT PIT RPVT 
0.02 -0.016 0.056 Quxry 
42.9 49.2 24.6 • 




Table 4.7 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in AYW based on coral growth 
form percentage cover data generated from optimal sample size 
sub-sample survey using different monitoring methods. Symbols for 
the different monitoring methods follow those used in Table 4.1. 
Shaded cells list the growth forms that contributed most to 
similarities within each method (in order of percentage 
contribution). Clear cells list the growth forms that contributed most 
to dissimilarities between methods (in order of percentage 
contribution). 
r ~ S i m - 8 6 . 4 2 
y |rp Massive 
Submassive 
Laminar 




Diss=15.15 Diss=17.46 Sim=80.96 
Branching Branching Massive 
Foliaceous Encrusting Submassive 
Encrusting Foliaceous Laminar 
Diss=13.91 Diss=15.02 Diss=16.63 Sim=86.21 
m i A n Branching Branching Branching Massive : : 
^ Foliaceous Encrusting Encrusting Submissive 
Encrusting Laminar Foliaceous Laminar : 
一 I LIT PIT RPVT QUAD 
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Table 4.8 Number of replicates that can be completed within 30, 60 and 90 min 
intervals of sampling using the four monitoring methods in A Ye Wan 
(AYW). Symbols for methods follow those used in Table 4.1. 
LIT PIT RPVT QUAD 
30 min 3 6 3 13 
60 min 6 12 6 27 
90 min 10 18 10 41 
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Table 4.9 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in AYW based on species 
percentage cover data generated from a 30 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 4.1. Global R=0.364， 
p< 0.05 Upper figure represents the r value and lower one the 
significance level (%) for the pair-wise comparison. 
LIT PIT RPVT 
0.452 0.54 0.172 
QUAD 







Table 4.10 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in AYW based on species 
percentage cover data generated from a 30 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 4.1. Shaded cells list 
the coral species that contributed most to similarities within each 
method (in order of percentage contribution). Clear cells list the 
coral species that contributed most to dissimilarities between 
methods (in order of percentage contribution). 
Sim;73.33 
R acuta 
L I T P. lutea 
L, purpurea 
Diss=30.82 Sim=72.58 
E abdita P. lutea 
P I T P. lobata L. purpurea 
F. pentagona P. acuta 
Diss=30.91 Diss二30.01 Sim=72.26 
P. carnosus A. digitifera P. lutea 
RPVT A- digitifera P. carnosus P. acuta 
P. lobata P. lyukyuensis F. flexousa ‘ 
Diss=33.3 Diss=33.92 Diss=31.89 Sim=71:21 
F. rotumana F. rotumana A. digitifera P. lutea ",','.� 
QUAD P. lobata F. pemtagona P. carnosus P. acuta 
P. tyukyuensis P. ryukyuensis F. rotumana F. flexousa 
LIT PIT RPVT QUAD 
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Table 4.11 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in AYW based on species 
percentage cover data generated from a 60 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 4.1. Global R=0.696, 
p< 0.05 Upper figure represents the r value and lower one the 
significance level (%) for the pair-wise comparison. 
LIT PIT RPVT 
0.74 0.724 0.812 
QUAD 







Table 4.12 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in AYW based on species 
percentage cover data generated from a 60 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 4.1. Shaded cells list 
the coral species that contributed most to similarities within each 
method (in order of percentage contribution). Clear cells list the 
coral species that contributed most to dissimilarities between 
methods (in order of percentage contribution). 
F Sim=83.28 
P. acuta 
L I T P, lutea , 
L. purpurea 
‘ Diss=17.5 Sim=85.11 
P. carnosus P. lutea 
P I T P. verweyi P, acuta 
T. peltata L purpurea 
Diss=25.55 Diss=21.54 Sim=84.49 
P. ryukyuensis P. ryukyuensis P. lutea 
RPVT A. digitifera A. digitifera P. acuta� 
P. carnosus F. rotumana F. flexousa 
Diss-22.96 Diss=22.15 Diss= 22.83 Sim=84.46 
G. djiboutiensis G. djiboutiensis P. ryukyuensis P. lutea ‘ 
QUAD L. pruinosa L. pruinosa T. peltata P. acuta ‘ 
P. carnosus P. carnosus A. digitifera P. lob at a 
LIT PIT RPVT QUAD 
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Table 4.13 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in AYW based on species 
percentage cover data generated from a 90 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 4.1. Global R=0.9, 
p< 0.05 Upper figure represents the r value and lower one the 
significance level (%) for the pair-wise comparison. 
LIT PIT RPVT 
0.928 0.976 0.984 
QUAD 







Table 4.14 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in AYW based on species 
percentage cover data generated from a 90 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 4.1. Shaded cells list 
the coral species that contributed most to similarities within each 
method (in order of percentage contribution). Clear cells list the 
coral species that contributed most to dissimilarities between 
methods (in order of percentage contribution). 
Sim=87.30 
P. acuta 
L I T R lutea 
L. purpurea 
Diss=16.29 Sim-89.01 
M. mollis P. acuta 
P I T A. tumida P. lutea 
P. carnosus L purpurea 
Diss=18.72 Diss=19.22 Sim=90.29 
F. sped OS a T. peltata P. lutea 
RPVT M. mollis A. tumida P. acuta 
T. peltata F. lizardensis F. flexousa 
Diss=19.57 Diss=20.40 Diss=17.64 Sim=97.01 
G. djinoutiensis G. djinoutiensis T. peltata P. lutea '' ‘ 
QUAD L. pruinosa L. pruinosa G djiboutiensis P. acuta 
M. mollis A. tumida A. echinata P. lobata ‘ 
LIT PIT RPVT QUAD 
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Table 4.15 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in AYW based on species 
percentage cover data generated from the A) LIT, B) PIT, C) 
RPVT and D) QUAD method in 30, 60 and 90 min of sampling 
intervals. Symbols for the different monitoring methods follow 
those used in Table 4.1. Upper figure represents the r value and 
lower one the significance level (%) for the pair-wise comparison. 
A) LIT B) PIT 
60min 90miii 60min 90min 
0.008 0.364 in • 0.132 0.276 
AO 30min 30min 




GlobalR=0.204,p<0.05 Global R=0.261,;?<0.05 
C) RPVT D) QUAD 
60min 90min 60min 90min 
0.168 0.288 ^^ . 0.008 0.364 
M 1 z 30mm 30min 
6.3 1.6 36.5 0.8 
0.152 • 0.5 
60min 60min 
3.2 2.4 
Global R-0.281, p<0.05 Global R=0.281, ;?<0.05 
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Table 4.16 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in AYW based on species 
percentage cover data generated from A) LIT, B) PIT, C) RPVT 
and D) QUAD method in 30, 60 and 90 min of sampling intervals. 
Symbols for the different monitoring methods follow those used in 
Table 4.1. Shaded cells list the coral species that contributed most to 
similarities within sampling in each time interval (in order of 
percentage contribution). Clear cells list the coral species that 
contributed most to dissimilarities between samplings in different 




30min P. lutea 
L. purpurea 
D i s s = 2 6 . 1 0 “ Sim=83.28 
P. lobata P. acuta , 
60min L. pruinosa P. lutea . 
C. japonica L. purpurea ‘ 
Diss=27.06 Diss=15.24 , Sim=87.30 
L. pruinosa P. carnosus P. acuta ‘‘ 
90min F. speciosa A. tumida P. lutea 
P. lobata P. verweyi L. purpurea , 
30min 60min 90min 
B) PIT 
p7 Sim 二72.58 
P. lutea 
30min L purpurea, 
P. acuta •‘ 
Diss=33.01 Sim-85.11 
L purpurea P. lutea 
60min A. digitifera R acuta 
C. japonica L. purpurea 
Diss 二 29.23 Diss=16.17 Sim=89.01 
‘ , 
L. purpurea P. aranetai P. acuta 
90mill C. japonica P. haimeana P. lutea 
A. digitifera F. rotumana L. purpurea 
30min 60min 90inin 
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Table 4.16 (cont'd) 
C) RPVT 
n S i m = 7 2 . 2 6 
P. lutea 
30min R acuta 
F. flexousa 
Diss=21.85 Sim=84.49 
T. peltata P. lutea 
60min C. japonica P. acuta 
F. rotumana F flexousa 
Diss 二24.64 Diss=16.70 Sim=90.29 
T. peltata P. ryukyuensis P. lutea 
90min A. tumida A. tumida P. acuta 
A. digitifera A. digitifera F. flexousa 




30miii P. acuta 
F. flexousa 
Diss=23.99 Sim=84.46 ~ 
P. ryukyuensis P. lutea 
60min G. djiboutiensis P. acuta 
A. digitifera P. lobata 
Diss=23.93 Diss=10.47 — S i m 二 97.01 
P. ryukyuensis G. djiboutiensis P. lutea 
90min G. djiboutiensis A. digitifera P. acuta 
H. exesa F. lizardensis P. lobata 
30miii 60min 90min 
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Table 4.17 The optimal sample size estimated by the Species-Area plot (S-A 
plot), Species Standard Error-Area plot (SSE-A plot), Cover 
Standard Error-Area plot (CSE-A plot) for the four monitoring 
methods, Line Intercept Transect (LIT), Point Intercept Transect 
(PIT), Random Point Video Transect (RPVT) and Quadrat (QUAD) 
in A Ma Wan (AMW). 
LIT PIT RPVT QUAD 
— S - A plot 6 6 5 — 14 — 
~~SSE-A plot 6 6 5 — 9 — 
CSE-A plot I 6 I 6 I 6 I 9 
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Table 4.18 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in AMW based on species 
percentage cover data generated from optimal sample size 
sub-sample survey using different monitoring methods. Symbols for 
the different monitoring methods follow those used in Table 4.1. 
Global R=0.681, p< 0.05 Upper figure represents the r value and 
lower one the significance level (%) for the pair-wise comparison. 
LIT PIT RPVT 
0.896 0.96 0.692 q u ^ D 
0.8 0.8 0.8 
0.392 0.472 j^IT 
3.2 0.8 
0.768 p i i 
0.8 
Table 4.19 Results of SIMPER analysis comparing the coral community structures 
in the 20 m x 20 m plot in AMW based on species percentage cover 
data generated from optimal sample size sub-sample survey using 
different monitoring methods. Symbols for the different monitoring 
methods follow those used in Table 4.1. Shaded cells list the coral 
species that contributed most to similarities within each method (in 
order of percentage contribution). Clear cells list the coral species that 
contributed most to dissimilarities between methods (in order of 
percentage contribution). 
Sim-76.60 




p j rp M peltiformis P. acuta 
P. yaeyamensis P. decussata 
G. fascicularis L. purpurea 
Diss=26.61 Diss=32.30 Sim=78.83 
RPVT P. O^ukyuensis M. peltiformis P. acuta 
G. fascicularis P. ryukyuensis P. decussata 
P. yaeyamensis C. japonica G. columna 
Diss 二 37.41 Diss=38.29 Diss=33.22 Sim 二 74.70 
nil An P, ryukyuensis p. ryukyuensis G. lobata P. acuta 
^ E. aspera G. fascicularis H. exesa P. decussata 
P. carnosus E. aspera E. aspera A. tumida 
— I LIT I PIT RPVT QUAD 
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Table 4.20 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in AMW based on generic 
percentage cover data generated from optimal sample size 
sub-sample survey using different monitoring methods. Symbols for 
the different monitoring methods follow those used in Table 4.1. 
Global R=0.493, p< 0.05 Upper figure represents the r value and 
lower one the significance level (%) for the pair-wise comparison. 
LIT PIT RPVT 
0.544 0.616 0.552 QUAD 
0.8 0.8 0.8 




Table 4.21 Results of SIMPER analysis comparing the coral community structures 
in the 20 m x 20 m plot in AMW based on generic percentage cover 
data generated from optimal sample size sub-sample survey using 
different monitoring methods. Symbols for the different monitoring 
methods follow those used in Table 4.1. Shaded cells list the coral 
genera that contributed most to similarities within each method (in 
order of percentage contribution). Clear cells list the coral genera that 
contributed most to dissimilarities between methods (in order of 
percentage contribution). 




Diss 二22.69 Sim=79.78 
p y r p Montipora Platy^ra ‘ 
Galaxea Pavona 
Plesiastrea Goniopora 
Diss=17.30 Diss 二 22.49 Sim=87.98 
RPVT Galaxea Montipora Platygyra 
Plesiastrea sp Cyphastrea Pavona 
Stylocoeniella Galaxea Goniopora 
Diss=25.42 Diss=28.06 Diss=23.40 Sim=80.46 
EchinophylHa Galaxea Hydnophora Platygyra ‘, z 
^ Plesiastrea EchinophylHa EchinophylHa Pavona ‘ 
Galaxea Favia Galaxea Acropora ,‘ ‘ 
一 I LIT PIT RPVT QUAD “ 
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Table 4.22 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in AMW based on coral growth 
form percentage cover data generated from optimal sample size 
sub-sample survey using different monitoring methods. Symbols for 
the different monitoring methods follow those used in Table 4.1. 
Global R=0.461, p< 0.05 Upper figure represents the r value and 
lower one the significance level (%) for the pair-wise comparison. 
LIT PIT RPVT 
0.624 0.532 0.84 QUAD 
0.8 0.8 0.8 




Table 4.23 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in AMW based on coral growth 
form percentage cover data generated from optimal sample size 
sub-sample survey using different monitoring methods. Symbols for 
the different monitoring methods follow those used in Table 4.1. 
Shaded cells list the growth forms that contributed most to 
similarities within each method (in order of percentage 
contribution). Clear cells list the growth forms that contributed most 
to dissimilarities between methods (in order of percentage 
contribution). 
Sim 二 92.33 




P I T Encrusting Massive 
Branching Laminar 
Foliaceous Columnar 
Diss=8.57 Diss=8.85 Sim=95.14 
R P V T Encrusting Branching Massive 
Columnar Encrusting Laminar 
Foliaceous Columnar Columnar 
Diss=10.29 Diss=11.65 Diss=10.81 Sim=94.40 
m T A F I Submassive Encrusting Encrusting Massive 
^ Massive Submassive Submassive Laminar 
Foliaceous Branching Branching Branching 
— I LIT I PIT RPVT QUAD 一 
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Table 4.24 Number of replicates that can be completed within 30, 60 and 90 min 
intervals of sampling using the four monitoring methods in A Ma Wan 
(AMW). Symbols for methods follow those used in Table 4.1. 
LIT PIT RPVT QUAD 
30 min 3 5 2 14 
60 min 6 11 4 29 
90 min 9 17 7 43 
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Table 4.25 Results of ANOSIM analysis comparing the coral community structures 
in the 20 m x 20 m plot in AMW based on species percentage cover data 
generated from a 30 min sub-sample survey using different monitoring 
methods. Symbols for the different monitoring methods follow those used 
in Table 4.1. Global R=0.483,p< 0.05 Upper figure represents the r value 
and lower one the significance level (%) for the pair-wise comparison. 
LIT PIT RPVT 
0.64 0.652 0.336 
QUAD 







Table 4.26 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in AMW based on species 
percentage cover data generated from a 30 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 4.1. Shaded cells list 
the coral species that contributed most to similarities within each 
method (in order of percentage contribution). Clear cells list the 
coral species that contributed most to dissimilarities between 
methods (in order of percentage contribution). 
~ S i m = 6 7 . 4 p ~ 
P. acuta 
L I T R decussata 
G. columna 
Diss=34.54 Sim=75.78 
H. exesa P. acuta 
P I T G. lobata P. decussata 
G. djiboutiensis L： purpurea 
Diss=36.58 Diss二35.62 Sim=67.66 ~ 
E. aspera E. aspera P. acuta 
RPVT P- ryukyuensis G. djiboutiensis P. decussata 
G. lobata C. japonic a G. columna 
Diss=39.47 Diss=33.60 Diss=35.04 Sim-72.34' 
G. lobata F. abdita E. aspera P. acuta / '''‘� 
QUAD H. exesa P. versipora F. abdita P. decussata 
P. ryukyuensis L. purpurea G. djiboutiensis E. aspera " 
LIT PIT RPVT QUAD 
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Table 4.27 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in AMW based on species 
percentage cover data generated from a 60 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 4.1. Global R=0.872， 
p< 0.05 Upper figure represents the r value and lower one the 
significance level (%) for the pair-wise comparison. 
LIT PIT RPVT 
0.924 1 0.944 
QUAD 







Table 4.28 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in AMW based on species 
percentage cover data generated from a 60 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 4.1. Shaded cells list 
the coral species that contributed most to similarities within each 
method (in order of percentage contribution). Clear cells list the 
coral species that contributed most to dissimilarities between 
methods (in order of percentage contribution). 
Sim=78.38 
R acuta 
L I T P. decussata ： . 
G. columna , 
Diss=26.87 ：S i m = 8 1 . 4 9 
-
G. fascicularis P. acuta . 
P I T M pelt if or mis P. decussata 
T. peltata G. columnar 
Diss二28.50 Diss=32.27 Sim=77.32 
G. fascicularis P. ryukyuensis P. acuta 
RPVT P. ryukyuensis C. japonica R decussata 
T. peltata M. peltiformis G. columna 
Diss 二33.49 Diss=35.54 Diss=31.70 Sim=84.51 
G. lobata G. lobata G. lobata P. acuta ‘；, 
QUAD H. exesa G. fascicularis G. fascicularis P. decussata ‘ 
P. ryukyuensis P. ryukyuensis H. exesa A. tumida ‘‘ 
LIT PIT RPVT QUAD 
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Table 4.29 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in AMW based on species 
percentage cover data generated from a 90 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 4.1. Global R=0.936, 
p< 0.05 Upper figure represents the r value and lower one the 
significance level (%) for the pair-wise comparison. 
LIT PIT RPVT 
1 1 0 . 9 6 4 
QUAD 







Table 4.30 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in AMW based on species 
percentage cover data generated from a 90 min sub-sample survey 
using different monitoring methods. Symbols for the different 
monitoring methods follow those used in Table 4.1. Shaded cells list 
the coral species that contributed most to similarities within each 
method (in order of percentage contribution). Clear cells list the 
coral species that contributed most to dissimilarities between 
methods (in order of percentage contribution). 
S i m = 8 4 . 9 0 ^ 
P. acuta ‘‘‘“ 
L I T P. decussata 
G columna 
Diss=20.20 Sim 二 91.75 
M peltiformis Eacuta 
P I T C. japonica P. decussata 
G. fascicularis L. purpurea 
Diss=22.48 Diss=27.25 Sim=81.85 
G, aspera M. peltiformis P. acuta 
RPVT P. tyukyuensis P. ryukyuensis P. decussata 
G.. fascicularis C. japonica G. columna 
Diss=29.60 Diss=31.87 Diss=29.37 Sim=94.28 
G. lobata G.. fascicularis P. lobata P. acuta 
QUAD P. lobata G lobata G. lobata P. decussata "“ 
H. exesa P. lobata H. exesa A. tumida 
LIT PIT RPVT QUAD 
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Table 4.31 Results of ANOSIM analysis comparing the coral community 
structures in the 20 m x 20 m plot in AMW based on species 
percentage cover data generated from the A) LIT, B) PIT, C) 
RPVT and D) QUAD method in 30，60 and 90 min of sampling 
intervals. Symbols for the different monitoring methods follow 
those used in Table 4.1. Upper figure represents the r value and 
lower one the significance level (%) for the pair-wise comparison. 
A) LIT B) PIT 
60mm 90min 60min 90min 
-0.08 0.296 0.196 0.524 
30min 
69 0.8 川 U . S 
0.196 60mm ^Omin 
15.9 1.6 
Global R=0.194,p<0.05 Global R=0.438,/?<0.05 
C) RPVT D) QUAD 
60min 90mm 60min 90min 
0.304 0.42 G.336 0.384 魅 
8.7 0.8 洲 mm 0.8 0.8 
n 119 0.348 
78.6 0.8 
Global R二0.29，p<0.05 Global R二0.445, p<0.05 
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Table 4.32 Results of SIMPER analysis comparing the coral community 
structures in the 20 m x 20 m plot in AMW based on species 
percentage cover data generated from A) LIT, B) PIT, C) RPVT 
and D) QUAD method in 30, 60 and 90 min of sampling intervals. 
Symbols for the different monitoring methods follow those used in 
Table 4.1. Shaded cells list the coral species that contributed most to 
similarities within sampling in each time interval (in order of 
percentage contribution). Clear cells list the coral species that 
contributed most to dissimilarities between samplings in different 
time intervals (in order of percentage contribution). 
A) LIT 
Sim-67.40 ‘ ‘ 、、‘ 
P. acuta 
30min P- decussata 
G columna 
Diss=26.81 : Sim=78.38 
G. fascicularis P. acuta. / 
60min T. peltata p. decussata ‘ 
G. djiboutiensis G. columna 
Diss:26.85 Diss=20.24 Sim=84.90 ^ 
G. fascicularis G. fascicularis P. acuta 
90inill L. undulatum L. undulatum P. decussata 
G. aspera P. versipora G, columna ,‘‘ ‘ 
30min 60min 90min 
B) PIT 
r Sim 二75.78 
P. acuta 
30min p, decussata 
L purpurea 
Diss=24.03 . Sim=81.49 
G fascicularis P. acuta 
60mill G. lobata P. decussata 
P. carnosus G. columna 
Diss=23.86 Diss=16.41 Sim=91.75 
G. fascicularis P. yaeyamensis P. acuta 
90min P- yaeyamensis P. versipora P. decussata 
G. lobata G. aspera L purpurea , 
30min 60inin 90min 
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30min P. decussata 
G. columna 
D i s s = 3 0 . 8 6 — Sim=77.32 
E .aspera P. acuta 
60min G. fascicular is P, decussata 
G. lobata G. columna 
Diss=31.14 Diss 二 19.66 — Sim=81.85 
E. aspera E. aspera P. acuta 
90min G fascicularis G. fascicular is P. decussata 
G. lobata S. gutheri G columna 
30min 60min 90min 
D) QUAD 
S i m = 7 2 . 3 4 “ 
P. acuta 
30min P. decussata 
E. aspera 
Diss=25.29 Sim=84.51 
E. aspera P. acuta 
60mi l l P. carnosus P, decussata 
P. lobata A. tumida 
Diss 二25.89 Diss=13.74 Sim=94.28 
P. lobata P. lobata P. acuta 
90min E. aspera P. ryukyuensis P. decussata 
P. ryukyuensis P. carnosus A. tumida 
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Figure 4.1 Species-Area Plot generated based on data collected using the Line 
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Figure 4.2 Species-Area Plot generated based on data collected using the Point 
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Figure 4.3 Species-Area Plot generated based on data collected using the Random 
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Figure 4.4 Spec ies -Area P lo t genera ted based o n data co l lec ted us ing the Quadra t 
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Figure 4.5 Effect of increase in number of samples on standard error (SE) of mean 
species count calculated from data obtained using the Line Intercept 
Transect method in the 20 m x 20 m plot in A Ye Wan. Mean values are 
connected by the solid line and dotted lines indicate the range of values of 
SE around the means. Each mean value was generated from 100,000 
randomly drawn sub-samples of original data. 
2 . 5 1 
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Figure 4.6 P lo t of va r iances of s tandard errors aga ins t s ample size for data genera ted 
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Figure 4.7 Effect of increase in number of samples on standard error (SE) of mean 
species count calculated from data obtained using the Point Intercept 
Transect method in the 20 m x 20 m plot in A Ye Wan. Mean values are 
connected by the solid line and dotted lines indicate the range of values of 
SE around the means. Each mean value was generated from 100,000 
randomly drawn sub-samples of original data. 
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Figure 4.14 Plot o f var iances of s tandard errors against sample size fo r da ta 
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Figure 4.9 Effect of increase in number of samples on standard error (SE) of mean 
species count calculated from data obtained using the Random Point 
Video Transect method in the 20 m x 20 m plot in A Ye Wan. Mean values 
are connected by the solid line and dotted lines indicate the range of 
values of SE around the means. Each mean value was generated from 
100,000 randomly drawn sub-samples of original data. 
2 . 5 - | 
L 2.0 - 1 
I 
5 1 . 5 -
I 
• 
i 1.0- \ 
I \ 
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0 2 4 6 8 1 0 1 2 1 4 1 6 1 8 2 0 
Samples 
Figure 4.14 Plo t of va r i ances of s tandard errors aga ins t s ample size for data 
genera ted in F igure 4.13. 
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Figure 4.11 Effect of increase in number of samples on standard error (SE) of 
mean species count calculated from data obtained using the Quadrat 
method in the 20 m x 20 m plot in A Ye Wan. Mean values are 
connected by the solid line and dotted lines indicate the range of 
values of SE around the means. Each mean value was generated from 
100,000 randomly drawn sub-samples of original data. 
0.8 1 
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Figure 4 .12 Plot of var iances of s tandard errors aga ins t s ample size for data 
genera ted in F igure 4.11. 
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Figure 4.13 Effect of increase in number of samples on standard error (SE) of 
mean percent coral cover calculated from data obtained using the Line 
Intercept Transect method in the 20 m x 20 m plot in A Ye Wan. Mean 
values are connected by the solid line and dotted lines indicate the 
range of values of SE around the means. Each mean value was 
generated from 100,000 randomly drawn sub-samples of original data. 
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Figure 4 .14 Plot of var iances of s tandard errors aga ins t s ample size for data 
genera ted in F igure 4.13. 
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Figure 4.15 Effect of increase in number of samples on standard error (SE) of 
mean percent coral cover calculated from data obtained using the 
Point Intercept Transect method in the 20 m x 20 m plot in A Ye Wan. 
Mean values are connected by the solid line and dotted lines indicate 
the range of values of SE around the means. Each mean value was 
generated from 100,000 randomly drawn sub-samples of original data. 
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Figure 4.14 P lo t of var iances of s tandard errors against sample size for data 
genera ted in F igure 4.13. 
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Figure 4.17 Effect of increase in number of samples on standard error (SE) of 
mean percent coral cover calculated from data obtained using the 
Random Point Video Transect method in the 20 m x 20 m plot in A Ye 
Wan. Mean values are connected by the solid line and dotted lines 
indicate the range of values of SE around the means. Each mean value 
was generated from 100,000 randomly drawn sub-samples of original 
data. 
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Figure 4.14 Plo t of var iances of s tandard errors agains t sample size for data 










1 0 - . . . . . . . 
0 -l 1 1 1 1 1 
0 10 20 30 40 50 
Samples 
Figure 4.19 Effect of increase in number of samples on standard error (SE) of 
mean percent coral cover calculated from data obtained using the 
Quadrat method in the 20 m x 20 m plot in A Ye Wan. Mean values 
are connected by the solid line and dotted lines indicate the range of 
values of SE around the means. Each mean value was generated from 
100,000 randomly drawn sub-samples of original data. 
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Figure 4 .20 Plo t o f va r i ances of s tandard errors aga ins t s ample size for data 
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Figure 4.21 Mean percentage cover (+SD) of corals in the 20 m x 20 m plot in 
AYW estimated by the different monitoring methods using the 
optimal sample size given in Table 4.1. Dotted line represents the 
true percent coral cover inside the mapped plot. Symbols 
representing the monitoring methods follow those used in Table 
4.1. One-way ANOVA was used to evaluate significant differences 
in mean percentage cover estimated by the different methods 
(F=0.655,df=3,p=0.592). 
45 -| • 
40 „ L 
25 -
A 
20 - I 
I B B 
o 丁 O . ' — — ‘ — — T 
</) 15 - , : . 广 - 卜：」、::::.備,:| 
d) o 丁 0> I 
兵 10 _ P J 
5 - ‘ ：丨會 ：• 
0 ‘ ‘ ‘ I ‘ 卜 : : : : : : : : � … 丨 ^ ~ r — ^ 
LIT PIT RPVT QUAD 
Figure 4.22 Mean species count (+SD) of corals in the 20 m x 20 m plot in 
AYW estimated by the different monitoring methods using the 
optimal sample size given in Table 4.1. Dotted line represents the 
true species count inside the mapped plot. Symbols representing 
the monitoring methods follow those used in Table 4.1. One-way 
ANOVA was used to evaluate significant differences in mean 
species count estimated from the different methods (F=21.204, 
df=3, p<0.001). Methods denoted by same letter indicate that their 
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Figure 4.23 Mean Margalef's Index (+SD) of coral diversity in the 20 m x 20 m plot 
in AYW estimated by the different monitoring methods using the 
optimal sample size given in Table 4.1. Dotted line represents the true 
Margalef's Index inside the mapped plot. Symbols representing the 
monitoring methods follow those used in Table 4.1. One-way ANOVA 
was used to evaluate significant differences in mean Margalef's Index 
estimated by the different methods (F二28.930, df=3, p<0.001). Methods 
denoted by same letter indicate that their means are statistically not 
significantly different (Tukey's test, p>0.05). 
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Figure 4.24 Mean Pielou's Index (+SD) of coral diversity in the 20 m x 20 m 
plot in AYW estimated by the different monitoring methods using 
the optimal sample size given in Table 4.1. Dotted line represents 
the true Pielou's Index inside the mapped plot. Symbols 
representing the monitoring methods follow those used in Table 
4.1. One-way ANOVA was used to evaluate significant differences 
in mean Pielou's Index estimated by the different methods 
(F=8.650, df二3,p二0.002). Methods denoted by same letter indicate 
that their means are statistically not significantly different (Tukey's 
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Figure 4.25 Mean Brillouin's Index (+SD) of coral diversity in the 20 m x 20 m 
plot in AYW estimated by the different monitoring methods using 
the optimal sample size given in Table 4.1. Dotted line represents 
the true Brillouin's Index inside the mapped plot. Symbols 
representing the monitoring methods follow those used in Table 
4.1. Kruskal Wallis test was used to evaluate significant differences 
in mean Brillouin's Index estimated by the different methods 
(Chi-square=4.989，df=3, p=0.173). 
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Figure 4.26 Mean Shannon-Wiener's Index (+SD) of coral diversity in the 20 
m X 20 m plot in AYW estimated by the different monitoring 
methods using the optimal sample size given in Table 4.1. Dotted 
line represents the true Shannon-Wiener's Index inside the mapped 
plot. Symbols representing the monitoring methods follow those 
used in Table 4.1. One-way ANOVA was used to evaluate 
significant differences in mean Shannon-Wiener's Index estimated 
by the different methods (F-4.733, df=3, /?=0.015). Methods 
denoted by same letter indicate that their means are statistically not 
significantly different (Tukey's test,;7>0.05). 
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Figure 4.27 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
AYW using species percentage cover data generated from different 
monitoring methods. Baseline point represents the true community 
structure. Each other point represents the community structure 
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Figure 4.28 (A) MDS ordination plot comparing the coral community structures 
and (B) Dendrogram showing clustering of samples representing 
coral community structures in the 20 m x 20 m plot in AYW using 
generic percentage cover data generated from different monitoring 
methods. Baseline point represents the true community structure. 
Each other point represents the community structure calculated 
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Figure 4.29 (A) MDS ordination plot comparing the coral community structures 
and (B) Dendrogram showing clustering of samples representing 
coral community structures in the 20 m x 20 m plot in AYW using 
growth form percentage cover data generated from different 
monitoring methods. Baseline point represents the true community 
structure. Each other point represents the community structure 




• • i Field 





I T T 
10 - n 
J: i i II fli 
LIT PIT RPVT QUAD 
Figure 4.30 Mean amount of time (min) (+ SD) required to complete one sample 
for each monitoring method in the 20 m x 20 m plot in A Ye Wan 
(AYW). Field time represents time spent in the field to obtain video 
images and lab time represents time spent in the laboratory to analyze 
the video images collected. Symbols for each monitoring method 
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Figure 4.31 Mean percentage coral cover (+SD) in the 20 m x 20 m plot in 
AYW estimated by the different monitoring methods within 30, 60 
and 90 min of sampling intervals. Dotted line represents the true 
percentage coral cover inside the mapped plot. One-way ANOVA 
(with F value given) was used to evaluate significant differences in 
mean percentage cover between methods with df = 3 in all cases. 
Symbols for methods follow those used in Table 4.1. 
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Figure 4.32 Effect of increase in sampling effort on mean percentage coral cover 
(+SD) estimated by the different monitoring methods in the 20 m x 
20 m plot in AYW. Dotted line represents the true percentage coral 
cover inside the mapped plot. One-way ANOVA (with F value given) 
or Kruskal Wallis test (with Chi-square value given) was used to 
evaluate significant differences in the mean percentage coral cover 
between methods with df = 2 in all cases. Symbols used to represent 






I 15 - r—^ T 30min 
O I j 1 
！ r n F-0.455 
0 1 n 




0 J ,"""——““r—I——r—J——L—1 
45 -] 
40 X 
25 y A AB 
芒 20 - r ^ BC C r-J-i • 
i T J oOmin 
0 F I 
^ 15- r ^ F-10.594 
1 10- P-0.014 
5 
0 I -r—J L__, 
4 5 1 
4 0 X 
‘―v_ 
3 0 -
A A A 
2 5 - 丁 
芒 wmm B T 90min 
给 ？I:? cm,： f t - r 
g 15- 、化y^M 零a _冬?V />=0 001 
C/J , / ' , ；' z 
._ ' z Z “ / / / / 
V" : ： ~ z ’ / , 
5 - ；:“； “ � Z , , , 
0 J _ _ 管 j _ _ b ' 、 丨 - l i _ _ 
LIT PIT RPVT QUAD 
Figure 4.33 Mean species count (+SD) in the 20 m x 20 m plot in AYW estimated 
by the different monitoring methods within 30, 60 and 90 min of 
sampling intervals. Dotted line represents the true species count 
inside the mapped plot. One-way ANOVA (with F value given) was 
used to evaluate significant differences in mean species count 
between methods with df = 3 in all cases. Symbols for methods 
follow those used in Table 4.1. Methods denoted by same letter 
indicate that their means are statistically not significantly different 
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Figure 4.34 Effect of increase in sampling effort on mean species count (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AYW. Dotted line represents the true species count inside the 
mapped plot. One-way ANOVA (with F value given) or Kruskal 
Wallis test (with Chi-square value given) was used to evaluate 
significant differences in the mean species count between methods 
with df = 2 in all cases. Symbols used to represent the methods 
follow those used in Table 4.1. Methods denoted by same letter 
indicate that their means are statistically not significantly different 
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Figure 4.35 Mean Margalef's Index (+SD) in the 20 m x 20 m plot in AYW 
estimated by the different monitoring methods within 30, 60 and 90 
min of sampling intervals. Dotted line represents the true Margalef's 
Index inside the mapped plot. One-way ANOVA (with F value given) 
or Kruskal Wallis test (with Chi-square value given) was used to 
evaluate significant differences in mean Margalef's Index between 
methods with df 二 3 in all cases. Symbols for methods follow those 
used in Table 4.1. Methods denoted by same letter indicate that their 
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Figure 4.36 Effect of increase in sampling effort on Margalef's Index (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AYW. Dotted line represents the true Margalef's Index 
inside the mapped plot. One-way ANOVA (with F value given) or 
Kruskal Wallis test (with Chi-square value given) was used to 
evaluate significant differences in the mean Margalef's Index 
between methods with df = 2 in all cases. Symbols used to 
represent the methods follow those used in Table 4.1. Methods 
denoted by same letter indicate that their means are statistically not 
significantly different (Tukey's test, >0.05). Note different scale 
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Figure 4.37 Mean Pielou's Index (+SD) in the 20 m x 20 m plot in AYW 
estimated by the different monitoring methods within 30, 60 and 90 
min of sampling intervals. Dotted line represents the true Pielou's 
Index inside the mapped plot. One-way ANOVA (with F value given) 
or Kruskal Wallis test (with Chi-square value given) was used to 
evaluate significant differences in mean Pielou's Index between 
methods with df 二 3 in all cases. Symbols for methods follow those 
used in Table 4.1. Methods denoted by same letter indicate that their 
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Figure 4.38 Effect of increase in sampling effort on Pielou's Index (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AYW. Dotted line represents the true Pielou's Index inside the 
mapped plot. One-way ANOVA (with F value given) or Kruskal 
Wallis test (with Chi-square value given) was used to evaluate 
significant differences in the mean Pielou's Index between methods 
with df = 2 in all cases. Symbols used to represent the methods 
follow those used in Table 4.1. 
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Figure 4.39 Mean Brillouin's Index (+SD) in the 20 m x 20 m plot in AYW 
estimated by the different monitoring methods within 30, 60 and 90 
min of sampling intervals. Dotted line represents the true Brillouin's 
Index inside the mapped plot. Kruskal Wallis test (with Chi-square 
value given) was used to evaluate significant differences in mean 
Brillouin's Index between methods with df = 3 in all cases. Symbols 
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Figure 4.40 Effect of increase in sampling effort on Brillouin's Index (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AYW. Dotted line represents the true Brillouin's Index inside 
the mapped plot. Kruskal Wallis test (with Chi-square value given) 
was used to evaluate significant differences in the mean Brillouin's 
Index between methods with df = 2 in all cases. Symbols used to 
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Figure 4.41 Mean Shannon-Wiener's Index (+SD) in the 20 m x 20 m plot in 
AYW estimated by the different monitoring methods within 30, 60 
and 90 min of sampling intervals. Dotted line represents the true 
Shannon-Wiener's Index inside the mapped plot. One-way ANOVA 
(with F value given) was used to evaluate significant differences in 
mean Shannon-Wiener's Index between methods with df = 3 in all 
cases. Symbols for methods follow those used in Table 4.1. Methods 
denoted by same letter indicate that their means are statistically not 
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Figure 4.42 Effect of increase in sampling effort on Shannon-Wiener's Index 
(+SD) estimated by the different monitoring methods in the 20 m x 
20 m plot in AYW. Dotted line represents the true Shannon-Wiener's 
Index inside the mapped plot. Kruskal Wallis test (with Chi-square 
value given) was used to evaluate significant differences in the mean 
Shannon-Wiener's Index between methods with d f = 2 in all cases. 
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Figure 4.43 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
AYW using species percentage cover data generated from different 
monitoring methods. Baseline point represents the true community 
structure. Each other point represents the community structure 
calculated based on the 30min field sampling for each method. 
Note the stress level in MDS ordination plot >0.2. 
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Figure 4.44 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
AYW using species percentage cover data generated from different 
monitoring methods. Baseline point represents the true community 
structure. Each other point represents the community structure 
calculated based on the 60min field sampling for each method. 
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Figure 4.45 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
AYW using species percentage cover data generated from different 
monitoring methods. Baseline point represents the true community 
structure. Each other point represents the community structure 
calculated based on the 90min field sampling for each method. 
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Figure 4.46 MDS ordination plot comparing the coral community structures in 
the 20 m X 20 m plot in AYW using species percentage cover data 
generated from the (A) Line Intercept Transect (LIT), (B) Point 
Intercept Transect (PIT), (C) Random Point Video Transect (RPVT) 
and (D) Quadrat (QUAD) method in 30, 60 and 90 min of sampling 
intervals. Baseline point represents the true percentage coral cover 
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Figure 4.47 Dendrogram showing clustering of samples representing coral 
community structures in the 20 m x 20 m plot in AYW using species 
percentage cover data generated from (A) Line Intercept Transect 
(LIT), (B) Point Intercept Transect (PIT), (C) Random Point Video 
Transect (RPVT) and (D) Quadrat (QUAD) method in 30, 60 and 90 
min of sampling intervals. Baseline point represents the true 
percentage coral cover value. Each other point represents data from 
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Figure 4.48 Species-Area Plot generated based on data collected using the Line 
Intercept Transect method in the 20 m x 20 m plot in A Ma Wan 
(AMW). 
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Figure 4 .49 Species-Area Plot generated based on data collected using the Point 
Intercept Transect method in the 20 m x 20 m plot in A M a Wan 
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Figure 4.50 Species-Area Plot generated based on data collected using the Random 
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Figure 4.51 Species-Area Plot generated based on data collected using the Quadrat 
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Figure 4.52 Effect of increase in number of samples on standard error (SE) of mean 
species count calculated from data obtained using the Line Intercept 
Transect method in the 20 m x 20 m plot in A Ma Wan. Mean values are 
connected by the solid line and dotted lines indicate the range of values 
of SE around the means. Each mean value was generated from 100,000 
randomly drawn sub-samples of original data. 
0.8 -1 
! � . 6 - \ 
I 
^ 0.4 - \ 
i \ 
ro 0.2 - \ 
0.0 -I . 1 1 . 1 ” _ ， _ 1 ‘ “ T • T 
0 2 4 6 8 10 12 14 16 18 20 
Samples 
Figure 4.12 Plot of variances of standard errors against sample size for data 
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Figure 4.54 Effect of increase in number of samples on standard error (SE) of 
mean species count calculated from data obtained using the Point 
Intercept Transect method in the 20 m x 20 m plot in A Ma Wan. 
Mean values are connected by the solid line and dotted lines indicate 
the range of values of SE around the means. Each mean value was 
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Figure 4.12 Plot of variances of standard errors against sample size for data 
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Figure 4.56 Effect of increase in number of samples on standard error (SE) of 
mean species count calculated from data obtained using the Random 
Point Video Transect method in the 20 m x 20 m plot in A Ma Wan. 
Mean values are connected by the solid line and dotted lines indicate 
the range of values of SE around the means. Each mean value was 
generated from 100,000 randomly drawn sub-samples of original data. 
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Figure 4.12 Plot of variances of standard errors against sample size for data 
generated in Figure 4.11. 
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Figure 4.58 Effect of increase in number of samples on standard error (SE) of 
mean species count calculated from data obtained using the Quadrat 
method in the 20 m x 20 m plot in A Ma Wan. Mean values are 
connected by the solid line and dotted lines indicate the range of 
values of SE around the means. Each mean value was generated from 
100,000 randomly drawn sub-samples of original data. 
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Figure 4.59 Plot of variances of standard errors against sample size for data 
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Figure 4.60 Effect of increase in number of samples on standard error (SE) of 
mean percent coral cover calculated from data obtained using the Line 
Intercept Transect method in the 20 m x 20 m plot in A Ma Wan. 
Mean values are connected by the solid line and dotted lines indicate 
the range of values of SE around the means. Each mean value was 
generated from 100,000 randomly drawn sub-samples of original data. 
30 -| 
2 5 - \ 
1 ！ 2 0 - 1 
I 15_ 1 
1 10- \ 
、 V . 
0 H 1 1 1 1 \ • 1 _ ~ T ‘ “ ― t ~•~1~•~~T 
0 2 4 6 8 10 12 14 16 18 20 
Samples 
Figure 4.61 Plot of variances of standard errors against sample size for data 
generated in Figure 4.60. 
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Figure 4.62 Effect of increase in number of samples on standard error (SE) of 
mean percent coral cover calculated from data obtained using the 
Point Intercept Transect method in the 20 m x 20 m plot in A Ma Wan. 
Mean values are connected by the solid line and dotted lines indicate 
the range of values of SE around the means. Each mean value was 
generated from 100,000 randomly drawn sub-samples of original data. 
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Figure 4.12 Plot of variances of standard errors against sample size for data 
generated in Figure 4.11. 
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Figure 4.64 Effect of increase in number of samples on standard error (SE) of mean 
percent coral cover calculated from data obtained using the Random 
Point Video Transect method in the 20 m x 20 m plot in A Ma Wan. 
Mean values are connected by the solid line and dotted lines indicate the 
range of values of SE around the means. Each mean value was generated 
from 100,000 randomly drawn sub-samples of original data. 
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Figure 4.12 Plot of variances of standard errors against sample size for data 
generated in Figure 4.11. 
253 
Chap te r 4 
5 0 -| : 
4 0 -
LU C/5 





n U -\ 1 1 1 1 1 
0 10 20 30 4 0 5 0 
Samples 
Figure 4.66 Effect of increase in number of samples on standard error (SE) of mean 
percent coral cover calculated from data obtained using the Quadrat 
method in the 20 m x 20 m plot in A Ma Wan. Mean values are 
connected by the solid line and dotted lines indicate the range of values 
of SE around the means. Each mean value was generated from 100,000 
randomly drawn sub-samples of original data. 
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Figure 4.12 Plot of variances of standard errors against sample size for data 
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Figure 4.68 Mean percentage cover (+SD) of corals in the 20 m x 20 m plot in 
AMW estimated by the different monitoring methods using the 
optimal sample size given in Table 4.1. Dotted line represents the true 
percent coral cover inside the mapped plot. Symbols representing the 
monitoring methods follow those used in Table 4.1. One-way ANOVA 
was used to evaluate significant differences in mean percentage cover 
estimated by the different methods (F二 11.278，df=3, pO.OOl). 
Methods denoted by same letter indicate that their means are 
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Figure 4.69 Mean species count (+SD) of corals in the 20 m x 20 m plot in 
AMW estimated by the different monitoring methods using the 
optimal sample size given in Table 4.1. Dotted line represents the 
true species count inside the mapped plot. Symbols representing 
the monitoring methods follow those used in Table 4.1.One-way 
ANOVA was used to evaluate significant differences in mean 
species count estimated from the different methods (F=33.025, 
df=3,/7<0.001). Methods denoted by same letter indicate that their 
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Figure 4.70 Mean Margalef's Index (+SD) of coral diversity in the 20 m x 20 m 
plot in AMW estimated by the different monitoring methods using the 
optimal sample size given in Table 4.1. Dotted line represents the true 
Margalef's Index inside the mapped plot. Symbols representing the 
monitoring methods follow those used in Table 4.1. One-way ANOVA 
was used to evaluate significant differences in mean Margalef's Index 
estimated by the different methods (F=31.308, df=3, ;?<0.001). 
Methods denoted by same letter indicate that their means are 
statistically not significantly different (Tukey's test, />>0.05). 
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Figure 4.71 Mean Pielou's Index (+SD) of coral diversity in the 20 m x 20 m 
plot in AMW estimated by the different monitoring methods using 
the optimal sample size given in Table 4.1. Dotted line represents 
the true Pielou's Index inside the mapped plot. Symbols 
representing the monitoring methods follow those used in Table 
4.1. One-way ANOVA was used to evaluate significant differences 
in mean Pielou's Index estimated by the different methods 
(F二7.808, df=3,p=0.002). Methods denoted by same letter indicate 
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Figure 4.72 Mean Brillouin's Index (+SD) of coral diversity in the 20 m x 20 m 
plot in AMW estimated by the different monitoring methods using 
the optimal sample size given in Table 4.1. Dotted line represents 
the true Brillouin's Index inside the mapped plot. Symbols 
representing the monitoring methods follow those used in Table 
4.1. Kruskal Wallis test was used to evaluate significant differences 
in mean Brillouin's Index estimated by the different methods 
(F=9.034, df=3,/7=0.029). 
2.5 -| 
AB A . 
2 . 0 - - A 
X T X. 丁 B 
0) T u 
•o __— I I 
c : ‘ T 
1.5- ^ ^‘ 
0) ‘ - .：.： 
o 1.0 -c c (O 
C/5 
0.5 -
0.0 -‘ 1 1 1~—^  1 
LIT PIT RPVT QUAD 
Figure 4.73 Mean Shannon-Wiener's Index (+SD) of coral diversity in the 20 
m X 20 m plot in AMW estimated by the different monitoring 
methods using the optimal sample size given in Table 4.1. Dotted 
line represents the true Shannon-Wiener's Index inside the mapped 
plot. Symbols representing the monitoring methods follow those 
used in Table 4.1. One-way ANOVA was used to evaluate 
significant differences in mean Shannon-Wiener 's Index estimated 
by the different methods (F二4.889, df=3, /?=0.013). Methods 
denoted by same letter indicate that their means are statistically not 
significantly different (Tukey's test,;;>0.05). 
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Figure 4.74 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
AMW using species percentage cover data generated from 
different monitoring methods. Baseline point represents the true 
community structure. Each other point represents the community 
structure calculated based on the optimal sample size for each 
method. 
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Figure 4.75 (A) MDS ordination plot comparing the coral community structures 
and (B) Dendrogram showing clustering of samples representing 
coral community structures in the 20 m x 20 m plot in AMW using 
generic percentage cover data generated from different monitoring 
methods. Baseline point represents the true community structure. 
Each other point represents the community structure calculated 
based on the optimal sample size for each method. 
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Figure 4.76 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
AMW using growth form percentage cover data generated from 
different monitoring methods. Baseline point represents the true 
community structure. Each other point represents the community 
structure calculated based on the optimal sample size for each 
method. 
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Figure 4.77 Mean mount of time (min) (+ SD) required to complete one sample 
for each monitoring method in the 20 m x 20 m plot in A Ma Wan 
(AMW). Field time represents time spent in the field to obtain video 
images and lab time represents time spent in the laboratory to analyze 
the video images collected. Symbols for each monitoring method 
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Figure 4.78 Mean percentage coral cover (+SD) in the 20 m x 20 m plot in 
AMW estimated by the different monitoring methods within 30, 60 
and 90 min of sampling intervals. Dotted line represents the true 
percentage coral cover inside the mapped plot. One-way ANOVA 
(with F value given) or Kruskal Wallis test (with Chi-square value 
given) was used to evaluate significant differences in mean 
percentage cover between methods with df = 3 in all cases. 
Symbols for methods follow those used in Table 4.1. Methods 
denoted by same letter indicate that their means are statistically not 
significantly different (Tukey's test, p>0.05). Note different scale 
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Figure 4.79 Effect of increase in sampling effort on mean percentage coral 
cover (+SD) estimated by the different monitoring methods in the 
20 m X 20 m plot in AMW. Dotted line represents the true 
percentage coral cover inside the mapped plot. One-way ANOVA 
(with F value given) or Kruskal Wallis test (with Chi-square value 
given) was used to evaluate significant differences in the mean 
percentage coral cover between methods with df = 2 in all cases. 
Symbols used to represent the methods follow those used in Table 
4.1. Note different scale used in RPVT graph. 
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Figure 4.80 Mean species count (+SD) in the 20 m x 20 m plot in AMW 
estimated by the different monitoring methods within 30, 60 and 
90 min of sampling intervals. Dotted line represents the true 
species count inside the mapped plot. One-way ANOVA (with F 
value given) or Kruskal Wallis test (with Chi-square value given) 
was used to evaluate significant differences in mean species count 
between methods with df 二 3 in all cases. Symbols for methods 
follow those used in Table 4.1. Methods denoted by same letter 
indicate that their means are statistically not significantly different 
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Figure 4.81 Effect of increase in sampling effort on mean species count (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AMW. Dotted line represents the true species count inside the 
mapped plot. One-way ANOVA (with F value given) or Kruskal 
Wallis test (with Chi-square value given) was used to evaluate 
significant differences in the mean species count between methods 
with df = 2 in all cases. Symbols used to represent the methods 
follow those used in Table 4.1. Methods denoted by same letter 
indicate that their means are statistically not significantly different 
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Figure 4.82 Mean Margalef's Index (+SD) in the 20 m x 20 m plot in AMW 
estimated by the different monitoring methods within 30, 60 and 90 
min of sampling intervals. Dotted line represents the true Margalef's 
Index inside the mapped plot. One-way ANOVA (with F value given) 
was used to evaluate significant differences in mean Margalef's 
Index between methods with df = 3 in all cases. Symbols for 
methods follow those used in Table 4.1. Methods denoted by same 
letter indicate that their means are statistically not significantly 
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Figure 4.83 Effect of increase in sampling effort on Margalef's Index (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AMW. Dotted line represents the true Margalef's Index 
inside the mapped plot. One-way ANOVA (with F value given) or 
Kruskal Wallis test (with Chi-square value given) was used to 
evaluate significant differences in the mean Margalef's Index 
between methods with df = 2 in all cases. Symbols used to 
represent the methods follow those used in Table 4.1. Methods 
denoted by same letter indicate that their means are statistically not 
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Figure 4.84 Effect of increase in sampling effort on Pielou's Index (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AMW. Dotted line represents the true Pielou's Index inside 
the mapped plot. One-way ANOVA (with F value given) or Kruskal 
Wallis test (with Chi-square value given) was used to evaluate 
significant differences in the mean Pielou's Index between methods 
with df = 2 in all cases. Symbols used to represent the methods 
follow those used in Table 4.1. Methods denoted by same letter 
indicate that their means are statistically not significantly different 
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Figure 4.85 Effect of increase in sampling effort on Pielou's Index (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AMW. Dotted line represents the true Pielou's Index inside 
the mapped plot. One-way ANOVA (with F value given) or 
Kruskal Wallis test (with Chi-square value given) was used to 
evaluate significant differences in the mean Pielou's Index between 
methods with df = 2 in all cases. Symbols used to represent the 
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Figure 4.86 Mean Brillouin's Index (+SD) in the 20 m x 20 m plot in AMW 
estimated by the different monitoring methods within 30, 60 and 90 
min of sampling intervals. Dotted line represents the true Brillouin's 
Index inside the mapped plot. Kruskal Wallis test (with Chi-square 
value given) was used to evaluate significant differences in mean 
Brillouin's Index between methods with df = 3 in all cases. Symbols 
for methods follow those used in Table 4.1. 
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Figure 4.87 Effect of increase in sampling effort on Brillouin's Index (+SD) 
estimated by the different monitoring methods in the 20 m x 20 m 
plot in AMW. Dotted line represents the true Brillouin's Index inside 
the mapped plot. Kruskal Wallis test (with Chi-square value given) 
was used to evaluate significant differences in the mean Brillouin's 
Index between methods with df = 2 in all cases. Symbols used to 
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Figure 4.88 Mean Shannon-Wiener's Index (+SD) in the 20 m x 20 m plot in 
AMW estimated by the different monitoring methods within 30, 60 
and 90 min of sampling intervals. Dotted line represents the true 
Shannon-Wiener's Index inside the mapped plot. One-way ANOVA 
(with F value given) or Kruskal Wallis test (with Chi-square value 
given) was used to evaluate significant differences in mean 
Shannon-Wiener's Index between methods with df 二 3 in all cases. 
Symbols for methods follow those used in Table 4.1. Methods 
denoted by same letter indicate that their means are statistically not 
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Figure 4.89 Effect of increase in sampling effort on Shannon-Wiener's Index 
(+SD) estimated by the different monitoring methods in the 20 m x 
20 m plot in AMW. Dotted line represents the true Shannon-Wiener's 
Index inside the mapped plot. One-way ANOVA (with F value given) 
was used to evaluate significant differences in the mean 
Shannon-Wiener's Index between methods with df = 2 in all cases. 
Symbols used to represent the methods follow those used in Table 
4.1. Methods denoted by same letter indicate that their means are 
statistically not significantly different (Tukey's test, j9>0.05). 
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Figure 4.90 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
AMW using species percentage cover data generated from 
different monitoring methods. Baseline point represents the true 
community structure. Each other point represents the community 
structure calculated based on the 30min field sampling for each 
method. 
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Figure 4.91 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
AMW using species percentage cover data generated from 
different monitoring methods. Baseline point represents the true 
community structure. Each other point represents the community 
structure calculated based on the 60min field sampling for each 
method. 
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Figure 4.92 (A) MDS ordination plot comparing the coral community 
structures and (B) Dendrogram showing clustering of samples 
representing coral community structures in the 20 m x 20 m plot in 
AMW using species percentage cover data generated from 
different monitoring methods. Baseline point represents the true 
community structure. Each other point represents the community 
structure calculated based on the 90min field sampling for each 
method. 
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Figure 4.93 MDS ordination plot comparing the coral community structures in 
the 20 m X 20 m plot in AMW using species percentage cover data 
generated from the (A) Line Intercept Transect (LIT), (B) Point 
Intercept Transect (PIT), (C) Random Point Video Transect (RPVT) 
and (D) Quadrat (QUAD) method in 30，60 and 90 min of sampling 
intervals. Baseline point represents the true percentage coral cover 
value. Each other point represents data from one sampling survey. 
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Figure 4.94 Dendrogram showing clustering of samples representing coral 
community structures in the 20 m x 20 m plot in AMW using species 
percentage cover data generated from (A) Line Intercept Transect 
(LIT), (B) Point Intercept Transect (PIT), (C) Random Point Video 
Transect (RPVT) and (D) Quadrat (QUAD) method in 30, 60 and 90 
min of sampling intervals. Baseline point represents the true 
percentage coral cover value. Each other point represents data from 




Role of community characteristic on the performance 
of monitoring Methods 
5.1 Introduction 
Monitoring program is becoming more and more important in coral reefs all over the 
world to enhance the effective management of this threatened ecosystem. However, 
the vast number of coral reef monitoring methods available can sometimes 
overwhelm resource manager and researcher on their choice of method. Choosing a 
suitable methodology is essential for all monitoring programs, as uncritical use of 
methods may yield unreliable descriptions of coral abundance and prevent a proper 
understanding of the dynamics of biological patterns observed (Drummond and 
Connell 2005). It is generally accepted that some bias is always, at least potentially, 
present in all monitoring methods. It is also possible that different monitoring 
methods may vary in their performance under different circumstances. 
Understanding the role and influence of site characteristic on the efficiency and 
effectiveness of monitoring methods is thus of huge practical value for researchers 
and reef managers contemplating on choosing the most appropriate methods for coral 
reef monitoring and management with respect to their own site characteristics. 
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However, this unknown variation in the bias of a method is particularly problematic 
and difficult to assess (Andrew and Mapstone 1987). 
There is very little information on the influence of reef characteristics on the 
performance of monitoring methods. Some researchers have tried to address the 
question through computer simulation study. Kinzie and Snider (1978) investigated 
the effect of reef characteristics on the performance of line intercept transect, point 
intercept transect of two different point intensities and quadrat point in a series of 
reef generated by computer. These reefs are different in their coral cover, colony size 
composition, species composition and dispersion. Although the authors suggested 
that all the four methods they evaluated gave poor estimation with respect to the real 
coral cover, some interesting points still emerged from their results. Their results 
indicated that abundance may be a key factor in determining accuracy of cover 
estimates. Accuracy increases with coral cover and the more abundant species 
usually give more reliable estimation. It also appears that methods requiring less 
effort require a higher cover to give accurate cover estimation. From their study, PIT 
with lower point intensity (20 points per 1 Om) required a higher coral cover to yield 
estimation falling within ±20o/o of the true cover. 
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Ohlhorst et al (1988) investigated the effect of spatial distribution heterogeneity on 
the performance of monitoring methods, including the line intercept transect, point 
intercept transect, quadrat point and quadrat in their computer simulation study. The 
performance of monitoring methods was investigated in the evenly dispersed, 
random and clumped reefs generated by the computer. However, the simulation 
study revealed no effect of spatial heterogeneity on the relative success of reef 
monitoring methods. Increased in aggregation did not necessary increase the 
variability between replicates generated from the different methods. 
Until recently, there is still a dearth of information on the effect of reef 
characteristics on the performance of monitoring methods under field situation. This 
is most likely because of the huge sampling effort involved. However, field study 
remains superior to computer simulation study because of the complexity of the 
natural ecosystem that cannot be truly simulated in a computer and human error 
involved in sampling that is difficult to manipulate in a simulation system. 
In Tung Ping Chau Marine Park, coral covers along several coastal communities are 
quite different. Coral coverage of communities in close proximity with similar 
species composition can vary greatly within a scale of one to two km. From this 
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present study, coral cover inside a 400 m^ experimental plot in three sites along the 
north-eastern coast of Tung Ping Chau was found to range from 9.49% in Cheung 
Sha Wan (CSW), 26.16% in A Ye Wan (AYW) to 46.52% in A Ma Wan (AMW). The 
three coral communities are very similar to each other with respect to their spatial 
heterogeneity and species composition. Thus, applying similar monitoring methods 
in these sites allows an investigation into the effect of reef characteristics, i.e. coral 
cover and species count, on the performance of these monitoring methods. 
In this chapter, the results and findings described in Chapters 3 and 4 are integrated 
and synthesized to investigate the effect of community characteristics on the 
performance of the four commonly used monitoring methods. Recommendations are 
also given on the choice of monitoring methods in the light of reef community 
characteristics. 
5.2 Methods and materials 
5.2.1 Coral Mapping 
An area of 20m x 20m was selected and marked in each study site (at - I m CD 
to -3m CD in AYW and AMW, -2m CD to -4m CD at CSW). CSW represents coral 
community with low coral cover (9.49%); AYW, community with intermediate coral 
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cover (26.16%) and AMW, community with high coral cover (46.52%). For each 
marked 400m study area, detailed estimations of the number of coral species present 
and their coverages were obtained using 1，600 video quadrats laid along 40 transect 
lines by SCUBA diving (Chapter 2, Table 2.2). 
The images recorded in the field were played back and captured using the software 
Cap View TV in the laboratory. The species of each piece of coral was identified with 
the aid of notes taken during fieldwork underwater. The area cover of every piece of 
coral was measured using the computer image analysis program, Image-Pro Plus ver. 
5.0 (Media Cybernetics, USA) (Chapter 2). 
5.2.2 Monitoring Methods 
The four monitoring methods examined, line intercept transect (LIT), point intercept 
transect (PIT), random point video transect (RPVT) and quadrat (QUAD) methods 
were applied inside the 400m mapped plot. A total of 20 transects in LIT and RPVT, 
25 transects in PIT and 50 quadrats in QUAD were applied respectively inside the 
400m^ mapped plot in each of the three sites. All the corals encountered were 
identified to species level in situ based on the taxonomic reference of Veron (2000) 
and Ang et al (2003) (See Chapters 3 and 4 for more details). 
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5.2.3 Statistical analysis 
Both optimal sample sizes and sample sizes that can be completed under a fixed time 
interval (i.e., the unit effort sample size) were calculated in each of the three sites. 
Data obtained by sub-sampling of replicate samples originally generated from each 
monitoring method based on the sample size calculated above was treated as a single 
monitoring survey. Each monitoring survey data were then treated as a replicate for 
statistical analysis. Mean percentage deviations from the true coral cover and 
estimate of indices of diversity were calculated to evaluate the performance of the 
monitoring methods (See Chapters 3 and 4 for details). 
5.3 Results 
5.3.1 Sample size as a function of different reef characteristics 
The optimal sample size and the unit effort sample size in the three sites for the 
different methods are summarized in Table 5.1. For the optimal sample size, there 
was not much difference between the sample sizes estimated among sites. This 
indicates that both optimizing procedures used in this study, species-area curve and 
standard error plot, are not sensitive to the change of coral cover in the study area. 
The resultant sample size estimated is not linked to coral cover of the study area. On 
the other hand, the number of samples that can be completed within a fixed time 
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interval (i.e. the unit effort sample size) varied among the three sites. The difference 
is most obvious for RPVT, with least number of replicates completed in AMW 
within a fixed time interval. Since the number of samples that can be completed 
within fixed time intervals is negatively correlated with sampling time required per 
unit transect / quadrat, this indicates that longer sampling time is required to 
complete a RPVT transect in higher coral cover area. The sampling effort of RPVT is 
most affected by the reef characteristics such as coral cover than the other 
monitoring methods. 
5.3.2 Performance of reef monitoring methods in sites with different reef 
characteristics 
5.3.2.1 Coral cover 
The mean percentage deviation of the coral cover estimates from the baseline for all 
monitoring methods varied a lot among the three study sites. Generally speaking, 
these monitoring methods, except QUAD, tended to give poor estimate of the coral 
cover both in terms of accuracy and precision when the cover was low. For example, 
the mean percentage deviations from baseline calculated from data generated by LIT 
(Figure 5.1) and PIT (Figure 5.2) were significantly higher in CSW, site representing 
low coral cover, than in AYW and AMW, the other two sites with higher coral cover. 
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This deviation in CSW estimates can be more than double of those from AYW and 
AMW. Similar result was also observed in data generated from RPVT (Figure 5.3), 
but the high standard deviation from the mean data, especially those from CSW, 
likely hindered any significant difference in these data to be detected statistically. 
QUAD was the only method showing a different pattern (Figure 5.4). The coral 
cover estimate of QUAD was least accurate in AYW instead of CSW. The mean 
percentage deviation of 20-30% calculated from data generated by QUAD in AYW 
was only slightly higher than those from the other methods. In comparison, the mean 
percentage deviation of QUAD estimates from the baseline was generally <10% in 
the other two study sites. 
5.3.2.2 Species count and Margalef's Index 
For both species count and Margalef's Index, the pattern generated from the different 
monitoring methods was very similar (Figures 5.5-5.12). Results from AYW were 
always relatively the most accurate for all methods in all three sites, although the 
estimates for these two parameters were usually poor. Up to 40 to 80% deviation 
from the true value was observed for the different possible combinations of 
monitoring methods and sample sizes. On the other hand, high precision was 
observed in estimating the two parameters. For most of the data generated from the 
288 
Chapter 6 
monitoring methods, the standard deviation was <10% of the mean. 
5.3.2.3 Other diversity indices 
For Pielou's Index, again, the monitoring methods showed poor performance in the 
low coral cover site CSW (Figures 5.13-5.16). Significant difference was detected 
from data generated by LIT, PIT and QUAD. On average, around 20% deviation 
from the baseline true value was observed in results from LIT, RPVT and QUAD, 
while the deviation in results from PIT was almost double of that of the other three 
methods. 
For Brillouin's Index, patterns generated by LIT, PIT and RPVT were similar 
(Figures 5.17-5.19). These three methods provided very good estimation of the true 
index value in AYW and AMW but at the same time, they over-estimated the index 
value quite substantially in CSW. Moreover, the standard deviation from the mean 
estimate data tended to decrease with the increase in coral cover. In contrast, no clear 
pattern could be observed on the performance of QUAD in all three sites (Figure 
5.20). 
For Shannon-Wiener's Index (Figures 5.21-5.24), the pattern was some how similar 
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to those of species count and Margalef's Index. The index was more accurately 
estimated from AYW data than those from the other two sites. In contrast to species 
count and Margalef's Index, however, the accuracy of the estimates for 
Shannon-Wiener,s Index was always higher than those for these two parameters. The 
mean deviation from the true value of the index was within the range of 10-30% and 
a high precision level of the estimate was also attained. 
5.3.2.4 Community structure 
Cluster Analysis was used to illustrate the effect of community characteristics on the 
performance of these monitoring methods in estimating the community structure. 
The similarity level at which true community structure from the baseline is separated 
from those estimated from data generated from different monitoring methods in 
different sites indicates how well the monitoring methods perform in these sites. A 
summary of these results for different monitoring methods is given in Table 5.2. For 
any combination of method and sample size used, community structure generated by 
data from different monitoring methods tended to separate from the true community 





This is one of the very few studies that aim at investigating the possible effect of site 
characteristics on the performance of commonly used coral reef monitoring methods 
in field study. This also provides a chance to verify the findings of previous 
simulation studies of Kinzie and Snider (1978) and Ohlhorst et al. (1988). In contrast 
to computer simulation study, any effects of the complexity of natural ecosystem and 
the inevitable human sampling error on the performance of the monitoring methods 
can only be demonstrated when these methods are actually applied in a field 
condition. 
5.4.1 Effect of reef characteristics on sampling time 
Coral cover can affect the sampling time required to completely sample a unit of 
transect or quadrat in the field. This is more likely for RPVT than for the other three 
methods because a larger area is being sampled by RPVT when compared with the 
other methods. When the coral cover of the sampling site increases, the increase in 
the number of colonies covered by the video belt transect will be disproportionately 
higher than in the other sampling methods. As a consequence, the number of colonies 
needed to be identified underwater will also be much higher than in the other 




However, caution should be taken when projecting the above observation on other 
studies. In the present study, the identity of every single piece of coral inside the belt 
transect is identified to species level underwater in order to aid in the visual 
identification when the video footage is played back in the laboratory. This is 
necessary, otherwise the details about most of the species would be lost and only a 
few distinct species can be identified from the video footage. This being the case, an 
increase in coral cover, usually associated with an increase in species richness, would 
mean an increase in the number of colonies that need to be identified. An increase in 
underwater survey time becomes inevitable. However, if the only study parameter 
required in a monitoring program is simply the total coral cover or coral cover in 
terms of growth form, then these can be identified relatively easily from the video 
footage alone without the need to have notes jotted down underwater. In this case, 
the underwater survey time will likely be the same regardless of an increase in coral 
cover. The critical difference, therefore, is in the level of taxonomic resolution 
needed, hence the associated information on the community that can be generated, 
e.g. the community structure, that will eventually determine the amount of field time 
required in carrying out RPVT. 
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The effect of reef characteristics, i.e. coral cover, on the sampling time of the other 
three methods is less obvious. This is most probably because in contrast to RPVT, 
the area sampled by individual transect / quadrat in LIT, PIT and QUAD is relatively 
smaller. As a result, in most cases an increase in coral cover only slightly increases 
the number of colony that need to be identified. However, it is rather interesting to 
note that the sampling time required for QUAD actually decreased when the coral 
cover increased, especially in AMW. This is because the increase in coral cover in 
AMW is associated with the increase in species colony size. Since the size of quadrat 
used in this study is small (0.5 x0.5m), what would often happen was that the quadrat 
would end up sampling only a single large colony each time. Hence, the sampling 
time required per unit quadrat dropped when compared with the other study sites. 
This indicates that size distribution of coral colonies can also be important in 
affecting the performance of reef monitoring methods. 
5.4.2 Effect of reef characteristics on the performance of monitoring methods 
In sites with different coral covers, all methods employing transects, i.e. LIT, PIT 
and RPVT, gave poor performance when the coral cover was low (< 10%). Results 
from AYW and AMW, both with higher coral cover, showed higher accuracy and 
precision than those from CSW. The results from this present study support some of 
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the findings from the computer simulation study by Kinzie and Snider (1978), which 
also found that the accuracy of the monitoring methods increased with increasing 
coral cover. Coral cover does play an important role in the performance of the 
monitoring methods. Low coral cover increases the inter-colony distances. The 
resulting greater sporadic distribution of coral colonies increases the difficulty for the 
monitoring methods to provide reliable estimation of the coral cover. 
Interestingly, QUAD performed very well in CSW and AMW but not in AYW. This 
pattern suggests that coral cover may only have limited effect on the performance of 
QUAD. The usually larger sample size of QUAD may explain the disparity in the 
performance between quadrat and transect dependent methods. Since the effort to 
sample a single quadrat is much shorter than that for a transect in any of the transect 
dependent methods examined, a larger sample size for QUAD is guaranteed when 
using the same sampling effort. The increase in sample size in QUAD allows a larger 
actual area to be sampled per se and this provides more information about the study 
site as a whole. As a result, QUAD tends to provide a better, more accurate 




Kinzie and Snider (1978) pointed out that methods requiring less effort to carry out 
give more accurate estimation in sites with higher coral cover when compared with 
the other methods. This is, however, only partially supported in this present study. 
PIT and QUAD in this study are the two monitoring methods requiring less sampling 
effort in the field. PIT generated data with higher percentage deviation from the 
baseline in AYW, site representing intermediate coral cover, when using optimal 
sample size. However, QUAD provided the most accurate estimation of the true 
coral cover among the four monitoring methods investigated in the same site. Thus, 
the general statement put forward by Kinzie and Snider (1978) needs to be qualified. 
Methods requiring less effort to carry out do not necessary give more accurate 
estimation in sites with higher coral cover. The nature of the method needs to be 
taken into consideration. 
Margalef's Index of a site reflects predominantly the measure of its species richness, 
hence is highly dependent on the number of species recorded from a site. It is 
therefore not surprising that the pattern of Margalef's Index estimate closely 
resembles that of species count. Better estimate of species count was obtained in 
AYW (mid coral cover) regardless of the combination of methods and sampling 
efforts used. As this pattern does not follow that of the coral cover, other factors must 
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be taken into account to explain the observed trend. 
Among the three sites, the total number of species counted inside the experimental 
plot follows a descending order of. AMW > CSW > AYW. On the other hand, the 
percent deviation of species count and Margalef's Index from the baseline as 
estimated by all four methods also follows a descending order of AMW > CSW > 
AYW. This suggests that the accuracy of species count and Margalef's Index are 
likely to be affected by the true number of species present. The higher the real 
species count, the lower the accuracy of the estimates. When the actual number of 
species present increases, the number of species under the detection limit of the 
monitoring method will also likely increase. Thus, a higher proportion of species will 
unlikely be sampled, resulting in a lower accuracy of the species count estimates by 
the monitoring methods. 
In this study, the variability of percentage deviation from the baseline value for both 
species count and Margalef's Index among the three study sites is small. This may be 
because the difference in real species count among the three sites is also not large, 
with the most diverse site AMW having 53 species while the least diverse site AYW 
having 43 species. Thus, further study on coral community with larger difference in 
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species count may be needed to resolve the question on how species count could 
affect the performance of the monitoring methods. 
The results from this study suggest that the diversity indices calculated from area 
with low coral cover are likely to be less reliable in general. For example, Pielou's 
index calculated from data generated from the four monitoring methods was quite 
sensitive to the change in coral cover. Higher coral cover usually resulted in greater 
accuracy of the data estimated except for RPVT. Thus, the estimate for Pielou's 
Index was most unreliable in CSW, the site with the lowest coral cover. 
For Brillouin Index, however, contradictory results were obtained from different 
study sites. The index computed from results of LIT, PIT and RPVT were more 
likely to be affected by the coral cover of the site. Brillouin Index was more likely to 
be over-estimated in low coral cover area when surveyed by LIT, PIT and RPVT. On 
the other hand, LIT, PIT and RPVT performed reasonable well in areas where the 
coral cover was higher, such as in AYW and AMW. For QUAD, the problem is less 
severe and a reversed pattern was obtained. The most accurate estimation was 
usually obtained in site with the lowest coral cover, i.e. CSW. Thus, cautions are 
needed when interpreting Brillouin Index, especially for data obtained from LIT, PIT 
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and RPVT, and when comparing areas with different coral covers. The interpretation 
should be supplemented with other parameters such as species count and other 
diversity indices in order to affirm the results. 
In contrast, the pattern for Shannon-Wiener's Index resembles that for species count 
and Margalef's Index. This suggests that although cover data are incorporated when 
calculating the Shannon-Wiener's Index, the index is likely to be affected more by 
species count than by coral cover. This is further supported by the fact that the most 
accurate result for Shannon Wiener's Index estimation was usually obtained in AYW, 
site with the lowest species count, but not the lowest coral cover.. 
How difference in species richness and evenness between sites could affect the 
performance of different monitoring methods in estimating the diversity indices has 
never been examined in the past, even in the computer simulation studies. The 
answer to this is not straight forward as diversity index is often represented by an 
interrelation between species count and number of individuals per species (or percent 
cover in the case of corals). Hence, the inherent ability of different reef monitoring 
methods to estimate species count and species percent cover will no doubt also affect 
their ability to provide an accurate estimate of species diversity as may be expressed 
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in different indices examined in the present study. 
For all the parameters studied, any deviations of the estimate from the baseline 
cannot easily be eliminated by simply increasing the sampling effort in the scale (30 
to 90 min) examined in this study. This may indicate that these deviations may be 
largely a result of the inherent biases of the monitoring methods themselves as some 
of the deviation patterns are quite consistent among the three study sites. These 
inherent biases may account for as high as 10 to 20% of the deviation from the true 
value (see Chapters 3 and 4). In many cases, QUAD provides more accurate 
estimation of the parameters examined as the higher sample size employed in QUAD 
presumably allows a larger area to be actually sampled and thus gaining more 
information about the entire study site. 
Community structures generated based on data from site with low coral cover (i.e. 
CSW) and analyzed using multivariate techniques tend to differ consistently from the 
true community structure at low similarity level in all the monitoring methods 
employed. This consistency implies that the community structure in a low coral 
cover area is more difficult to obtain or that extra sampling effort may be required to 
get a better picture. However, community structure calculated based on data from 
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AMW, site with the highest coral cover, was not most similar to the community 
structure calculated from the baseline. Instead, the structure calculated from data in 
AYW, site with intermediate coral cover, was most similar. This suggests that coral 
cover may not be the only factor affecting the performance of the monitoring 
methods on community structure estimation. Other possible factors such as species 
richness and relative dominance should also be important in determining the 
reliability of the data generated by different monitoring methods used in the 
calculation. 
Grouping together all the findings based on the different parameters examined, 
including coral cover, species count, diversity indices and multivariate community 
structure, it is clear that site characteristics, as expressed in terms of these parameters, 
can affect the performance of the monitoring methods. Thus, it is almost impossible 
to identify a single monitoring method that can provide superior estimation in all 
situations. The most appropriate monitoring method would be different with respect 
to different study sites per se. Nevertheless, there are still some general rules of 
thumb that can be followed when a choice of monitoring methods is needed. 
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5.4.3 Recommendation on the choice of monitoring method 
The choice of a monitoring method depends on many factors. Hill and Wilkinson 
(2004) provide an excellent general guideline with 10 questions to be considered 
when developing a monitoring program. While the advantages and disadvantages of 
some commonly used monitoring methods have been reviewed by Dodge et al. 
(1982), English et al (1997) and Hill and Wilkinson (2004), the results of this 
present study provide additional information and evidence to help scientists and reef 
resource manager to choose the most appropriate monitoring method for their 
monitoring program. All the methods investigated in this study are for medium to 
fine scale (m to Km) of quantitative monitoring. The choice of method for rapid 
broad scale (tens to hundreds of Km) of qualitative monitoring is beyond the scope 
of this study. 
In this study, many parameters commonly used in coral reef study are used in 
evaluating the performance of the monitoring methods. Some of them are primary 
parameters which are data collected directly in the field, such as coral cover and 
species count, while the others are derived parameters calculated from primary 
parameters, such as diversity indices and community structure. This present study 
suggests that the accuracy of the primary and derived parameters estimated is often 
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comparable. This is understandable as the reliability of the derived parameters 
depends on the accuracy of the primary data. However, the use of primary 
parameters, derived parameters or both in monitoring program will depend on the 
objective of the study. Primary parameters offer the advantage of providing concrete 
information on the status of the reef. The information is directly usable and easily 
understood even for the public. However, primary parameters provide the least 
amount of information when it comes to changes in the community structure. As 
long as the coral cover remains stable, any changes in species composition and phase 
shift will not be detected by looking at the coral cover alone. 
More and more reef managers nowadays are shifting their emphasis from coral 
coverage towards a better understanding of the ecological function of the community. 
For example, monitoring program around Hawaii is now shifting away from using 
coral cover as the only criterion for evaluating the ecological importance of the sites 
(Gulko per. comm.). It is now recognized that even for coral community with similar 
coral cover, their ecological function can be significantly different if one is 
dominated by encrusting coral while the other is dominated by branching or massive 
coral. Thus, information on coral growth form or other parameter at lower level of 
taxonomic resolutions should also be collected as much as possible. 
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The derived parameters, i.e. diversity indices, compensate the deficiency of primary 
parameter in detecting changes in species composition, in which the multivariate 
assemblage is reduced into a single index. As a consequence, it offers more sensitive 
measurement to changes in the community. Moreover, many statistical packages can 
calculate the diversity indices instantly and greatly reduce the time required to 
compute the indices. Multivariate analysis is similar in nature but it takes into 
account the identity of species, and thus offers a higher sensitivity of all parameters 
studied. However, the derived parameters suffer from providing more complex and 
abstract information. Interpretation of these information is indirect and more time 
consuming, and is not easily understood by the general public. 
The choice of a monitoring method for use will depend on factors such as the 
objective of the study and the resources available (Hill and Wilkinson, 2004). The 
result of this study further indicates the importance of considering community 
characteristics in the choice of monitoring methods. Among all the parameters tested, 
primary parameters such as coral cover and species count are most important as they 
are responsible for the reliability of the derived parameters. For most monitoring 
programs, coral cover is usually the primary concern. Method that can provide most 
accurate estimation of the true coral cover is likely to be the best candidate for 
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general purpose monitoring program. Based on the results from this study, QUAD 
provides the best estimation on the coral cover in area with low coral cover (< 10%). 
It is, however, also the least accurate method in area with medium coral cover. When 
examining the percentage deviation of the coral cover estimate from the baseline, it 
can be found that most of the deviation ranged from 10-20%, except for LIT, PIT and 
RPVT in CSW, which can be as high as 80-90%. Thus, for general purpose 
monitoring program where coral cover is the primary concern and where none of the 
sites has very low coral cover, any of the four methods examined in this study is 
applicable as all the methods provide comparable results. However, if area with low 
coral cover will be surveyed, then it is better to avoid the use of LIT, PIT and RPVT 
as they may provide highly inaccurate data. 
Thus, in general, the use of QUAD method is recommended for general monitoring 
program as it provides the most reliable estimation of the coral cover under most 
circumstances, as shown in this study. Previous field study on the accuracy of 
monitoring methods by Weinberg (1981) also supported the use of quadrat in 
generating coverage data. Although point-quadrat method is recommended by 
UNESCO (1984), their main reason is that the method is least susceptible to 
subjective bias instead of it being more accurate than the other monitoring methods. 
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Besides being more accurate, QUAD can also provide other information such as 
density and size of coral that is not provided by other monitoring methods. 
QUAD is also recommended by Weinberg (1981) for species count. However, all the 
methods examined in the present study show a severe underestimation of the species 
count. Therefore, other monitoring methods may be employed if species richness is 
the primary concern of the monitoring program. Timed swim is suggested by Hill 
and Wilkinson (2004) to acquire lists of species present. Timed swim devotes all the 
sampling effort to search for rare or uncommon species that are of high conservation 
importance, while only species inside sampling devices are recorded by other 
quantitative monitoring methods. Thus, if species richness is the primary concern of 
the monitoring program, timed swim is recommended for use in parallel with other 
quantitative methods. 
Considering the small size of the experimental plot (400 m^) examined in this study, 
the sampling effort employed is exceptional high when compared with a normal 
monitoring program. Although difference in mean value can be observed, but very 
often, significant difference was not detected by statistical test. The high variability 
among replicates is likely the reason why significant difference cannot be detected 
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by statistical test for most parameters studied. In fact, the high variability among 
replicates is one of the major challenges in monitoring a patchy coral reef. Thus, 
strategy to reduce the variability of data among sample is desirable as to increase the 
chance to detect any change in the ecosystem. 
Permanent transect or quadrat can be used as one of the possible alternatives to 
reduce data variability. It can greatly reduce the 'noise' brought about by the natural 
variation of the coral community and enhance the precision of the data obtained. 
This increases the sensitivity of the study and allows the detection of minor changes 
inside the community. Besides, it can also eliminate the problem of auto-correction 
by haphazard sampling if the placement of the permanent transect or quadrat is 
systematically or randomly selected 
From the results of the present study, the performance of some commonly used 
monitoring methods such as LIT, PIT and RPVT is most unreliable for both accuracy 
and precision in CSW, site representing low coral cover. This suggests that low coral 
cover is one of the most critical conditions for these monitoring methods to provide 
accurate information on the status of coral reef. On the other hand, one of the most 
obvious advantages of QUAD that makes it superior to other monitoring methods is 
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its performance in providing accurate estimation of the true status of the community 
even if the coral cover is low, i.e. < 10%. McCorry (1994) pointed out that most of 
the existing monitoring methods have inevitably been established in areas of high 
coral cover. However, more and more of these methods will be applied in areas of 
low coral cover in the future for a number of reasons. First, as pressures from both 
natural and anthropogenic sources to coral reefs are expected to continue, coral reef 
with lower coverage is likely to be more prevalent in the future. Second, more and 
more coral reefs of the world are degrading, monitoring on the recovery or reef 
restoration progress of low coral cover area will be an important issue on the 
sustainability of the coral reef for the future. Third, most reefs do not have high coral 
cover. Study of these reefs is likely to reveal the "norm" of the reef system (M'^ Corry, 
1994). As a result, the advantage of QUAD method in sampling low coral cover 
community will make it one of the best candidates for future monitoring program. 
QUAD has long been notorious for being time intensive when compared with the 
other underwater survey methods. However, this present study demonstrates that 
photograph or videotape quadrat can provide reliable information as the traditional 
visual quadrat even with the same underwater survey time. In fact photo/videograph 
can greatly reduce the time spent in the field and hence reduce the expensive field 
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cost. The use of photograph or videotape technique allows quick sampling of large 
area with some level of details. Survey can also be done by non-specialist or even by 
remote operated vehicle (ROV) (Lam et al. 2006) if high taxonomic resolution is not 
needed. Its nature is similar to the idea proposed by Kinzie and Snider (1978) who 
suggested the use of 'quick and dirty' transects or quadrats as to cover larger area 
and provide more comprehensive information on the entire area as the best strategy 
to sample coral community. Photography or videotape taken on the quadrat can also 
provide permanent record of the area for future comparative analysis of the 
community. 
Analysis of photograph or video frame digitally can be very time consuming. 
However, modern automated image analyzing system such as AutoCAD® 
(Tkachenko, 2004, 2005) and Cellenger® (Palomar et al., 2006) can greatly reduce 
the laboratory image processing time and increase the scale of monitoring. Although 
computer software analysis equipment can be very expensive to buy and maintain, 
these image processing systems are expected to gain popularity due to the 
advancement in technology. Thus, it can be expected that larger area of the entire 
reef can be sampled and analysis by automated image analyzing system generating 
more accurate data will be the norm in the near future. 
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However, the limitations of photograph and video quadrat cannot be overlooked. 
First, other than automated image analyzing system, camera and underwater housing 
can also be expensive to buy and maintain. Besides, resolution from 
photo/videograph quadrat is lower when compared with in situ visual census and its 
use is not recommended if recruitment and juvenile corals are of primary concern as 
shown by Edmunds et al. (1998). Last but not the least, quality of the image can 
highly depend on the field condition. Poor visibility can greatly reduce the image 
quality and increase the underwater survey time. 
In conclusion, reef characteristics such as coral cover can affect the performance of 
the monitoring methods. Sites with low coral cover and high species count are likely 
to be the biggest challenge for the common monitoring methods. QUAD is the only 
exception among the methods investigated to yield reasonable coral cover data at 
low coral cover area. The versatility of QUAD for sampling in sites with different 
characteristics and its ability to obtain more accurate coral cover estimates make it a 
more desirable choice among the methods examined in this study. Nevertheless, 
more effort is needed to study the possible effect of site characteristics on the 
performance of other monitoring methods not examined in this study. Sites examined 
in this present study are all dominated by mainly massive corals. Topographic 
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complexity, or the presence of corals of different growth forms may also affect the 
performance of the monitoring methods. All these need to be further examined 
before one can conclude on which is the most appropriate method with respect to a 
particular study site per se. This will have significant implication on the design of 
future monitoring program. 
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Table 5.1 The optimal sample size estimated by the Species-Area plot (S-A plot), 
Species Standard Error-Area plot (SSE-A plot), Cover Standard Error-Area 
plot (CSE-A plot) and number of replicates that can be completed within 
30, 60 and 90 min intervals of sampling using the four monitoring methods, 
Line Intercept Transect (LIT), Point Intercept Transect (PIT), Random 
Point Video Transect (RPVT) and Quadrat (QUAD) in Cheung Sha Wan 
(CSW), A Ye Wan (AYW) and A Ma Wan (AMW). 
Plot/Time Site LIT PIT RPVT QUAD 
Interval 乂 
CSW 6 6 5 13 
S-A plot AYW 5 5 5 11 
AMW 6 6 5 14 
CSW 5 5 4 8 
SSE-A plot AYW 5 6 5 10 
AMW 6 6 5 9 
CSW 5 5 5 9 
CSE-A plot AYW 5 5 5 8 
AMW 6 6 6 9 
CSW 3 6 3 13 
30 min AYW 3 6 3 13 
AMW 3 5 2 14 
CSW 6 12 6 27 
60 min AYW 6 12 6 27 
AMW 6 11 4 29 
CSW 9 18 10 41 
90 min AYW 10 18 10 41 
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Figure 5.1 Mean percentage deviations (+SD) of coral cover from baseline by 
data generated from Line Intercept Transect (LIT) using (A) optimal 
sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) or Kruskal Wallis test (with 
Chi-square value given) was used to evaluate significant differences in 
the mean percentage deviations of coral cover from baseline between 
sites with df 二 2 in all cases. Symbols used to represent the study site 
follow those used in Table 5.1. Sites denoted by same letter indicate 
that their means are statistically not significantly different (Tukey's test, 
p>0.05). Note different scales used in the graphs. 
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Figure 5.2 Mean percentage deviations (+SD) of coral cover from baseline by 
data generated from Point Intercept Transect (PIT) using (A) optimal 
sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) was used to evaluate 
significant differences in the mean percentage deviations of coral 
cover from baseline between sites with df = 2 in all cases. Symbols 
used to represent the study site follow those used in Table 5.1. Sites 
denoted by same letter indicate that their means are statistically not 
significantly different (Tukey's test, p>0.05). Note different scales 
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Figure 5.3 Mean percentage deviations (+SD) of coral cover from baseline by 
data generated from Random Point Video Transect (RPVT) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) or Kruskal Wallis test (with 
Chi-square value given) was used to evaluate significant differences 
in the mean percentage deviations of coral cover from baseline 
between sites with df = 2 in all cases. Symbols used to represent the 
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Figure 5.4 Mean percentage deviations (+SD) of coral cover from baseline by 
data generated from Quadrat (QUAD) using (A) optimal sample size, 
(B) 30 min underwater survey time, (C) 60 min underwater survey 
time and (D) 90 min underwater survey time. One-way ANOVA (with 
F value given) or Kruskal Wallis test (with Chi-square value given) 
was used to evaluate significant differences in the mean percentage 
deviations of coral cover from baseline between sites with df = 2 in 
all cases. Symbols used to represent the study site follow those used 
in Table 5.1. Sites denoted by same letter indicate that their means are 
statistically not significantly different (Tukey's test, /7>0.05). Note 
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Figure 5.5 Mean percentage deviations (+SD) of species count from baseline by 
data generated from Line Intercept Transect (LIT) using (A) optimal 
sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) or Kruskal Wallis test (with 
Chi-square value given) was used to evaluate significant differences 
in the mean percentage deviations of species count from baseline 
between sites with df 二 2 in all cases. Symbols used to represent the 
study site follow those used in Table 5.1. Sites denoted by same letter 
indicate that their means are statistically not significantly different 
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Figure 5.6 Mean percentage deviations (+SD) of species count from baseline by 
data generated from Point Intercept Transect (PIT) using (A) optimal 
sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) was used to evaluate 
significant differences in the mean percentage deviations of species 
count from baseline between sites with df = 2 in all cases. Symbols 
used to represent the study site follow those used in Table 5.1. Sites 
denoted by same letter indicate that their means are statistically not 
significantly different (Tukey's test, p>0.05). Note different scales 
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Figure 5.7 Mean percentage deviations (+SD) of species count from baseline by 
data generated from Random Point Video Transect (RPVT) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) or Kruskal Wallis test (with 
Chi-square value given) was used to evaluate significant differences 
in the mean percentage deviations of species count from baseline 
between sites with df 二 2 in all cases. Symbols used to represent the 
study site follow those used in Table 5.1. Sites denoted by same letter 
indicate that their means are statistically not significantly different 
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Figure 5.8 Mean percentage deviations (+SD) of species count from baseline by 
data generated from Quadrat (QUAD) using (A) optimal sample size, 
(B) 30 min underwater survey time, (C) 60 min underwater survey 
time and (D) 90 min underwater survey time. One-way ANOVA (with 
F value given) or Kruskal Wallis test (with Chi-square value given) 
was used to evaluate significant differences in the mean percentage 
deviations of species count from baseline between sites with df = 2 in 
all cases. Symbols used to represent the study site follow those used 
in Table 5.1. Sites denoted by same letter indicate that their means are 
statistically not significantly different (Tukey's test, /7>0.05). Note 
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Figure 5.9 Mean percentage deviations (+SD) of Margalef's Index from baseline 
by data generated from Line Intercept Transect (LIT) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) was used to evaluate 
significant differences in the mean percentage deviations of 
Margalef's Index from baseline between sites with df = 2 in all cases. 
Symbols used to represent the study site follow those used in Table 
5.1. Sites denoted by same letter indicate that their means are 
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Figure 5.10 Mean percentage deviations (+SD) of Margalef's Index from baseline 
by data generated from Point Intercept Transect (PIT) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) was used to evaluate 
significant differences in the mean percentage deviations of 
Margalef's Index from baseline between sites with df = 2 in all cases. 
Symbols used to represent the study site follow those used in Table 
5.1. Sites denoted by same letter indicate that their means are 
statistically not significantly different (Tukey's test, p>0.05). Note 
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Figure 5.11 Mean percentage deviations (+SD) of Margalef's Index from baseline 
by data generated from Random Point Video Transect (RPVT) using 
(A) optimal sample size, (B) 30 min underwater survey time, (C) 60 
min underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) or Kruskal Wallis test (with 
Chi-square value given) was used to evaluate significant differences 
in the mean percentage deviations of Margalef's Index from baseline 
between sites with df = 2 in all cases. Symbols used to represent the 
study site follow those used in Table 5.1. Sites denoted by same letter 
indicate that their means are statistically not significantly different 
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Figure 5.12 Mean percentage deviations (+SD) of Margalef's Index from baseline 
by data generated from Quadrat (QUAD) using (A) optimal sample 
size, (B) 30 min underwater survey time, (C) 60 min underwater 
survey time and (D) 90 min underwater survey time. One-way 
ANOVA (with F value given) or Kruskal Wallis test (with Chi-square 
value given) was used to evaluate significant differences in the mean 
percentage deviations of Margalef's Index from baseline between 
sites with df 二 2 in all cases. Symbols used to represent the study site 
follow those used in Table 5.1. Sites denoted by same letter indicate 
that their means are statistically not significantly different (Tukey's 
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Figure 5.13 Mean percentage deviations (+SD) of Pielou's Index from baseline 
by data generated from Line Intercept Transect (LIT) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) was used to evaluate 
significant differences in the mean percentage deviations of Pielou's 
Index from baseline between sites with df = 2 in all cases. Symbols 
used to represent the study site follow those used in Table 5.1. Sites 
denoted by same letter indicate that their means are statistically not 
significantly different (Tukey's test, />>0.05). Note different scales 
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Figure 5.14 Mean percentage deviations (+SD) of Pielou's Index from baseline 
by data generated from Point Intercept Transect (PIT) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) or Kruskal Wallis test (with 
Chi-square value given) was used to evaluate significant differences 
in the mean percentage deviations of Pielou's Index from baseline 
between sites with df = 2 in all cases. Symbols used to represent the 
study site follow those used in Table 5.1. Sites denoted by same letter 
indicate that their means are statistically not significantly different 
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Figure 5.15 Mean percentage deviations (+SD) of Pielou's Index from baseline 
by data generated from Random Point Video Transect (RPVT) using 
(A) optimal sample size, (B) 30 min underwater survey time, (C) 60 
min underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) was used to evaluate 
significant differences in the mean percentage deviations (+SD) of 
Pielou's Index from baseline between sites with df = 2 in all cases. 
Symbols used to represent the study site follow those used in Table 
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Figure 5.16 Mean percentage deviations (+SD) of Pielou's Index from baseline 
by data generated from Quadrat (QUAD) using (A) optimal sample 
size, (B) 30 min underwater survey time, (C) 60 min underwater 
survey time and (D) 90 min underwater survey time. One-way 
ANOVA (with F value given) or Kruskal Wallis test (with Chi-square 
value given) was used to evaluate significant differences in the mean 
percentage deviations of Pielou's Index from baseline between sites 
with df = 2 in all cases. Symbols used to represent the study site 
follow those used in Table 5.1. Sites denoted by same letter indicate 
that their means are statistically not significantly different (Tukey's 
test, p>0.05). Note different scales used in the graphs. 
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Figure 5.17 Mean percentage deviations (+SD) of Brillouin's Index from baseline 
by data generated from Line Intercept Transect (LIT) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) or Kruskal Wallis test (with 
Chi-square value given) was used to evaluate significant differences 
in the mean percentage deviations of Brillouin's Index from baseline 
between sites with df = 2 in all cases. Symbols used to represent the 
study site follow those used in Table 5.1. Sites denoted by same letter 
indicate that their means are statistically not significantly different 
(Tukey's test, p>0.05). Note different scales used in the graphs. 
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Figure 5.18 Mean percentage deviations (+SD) of Brillouin's Index from baseline 
by data generated from Point Intercept Transect (PIT) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) was used to evaluate 
significant differences in the mean percentage deviations of 
Brillouin's Index from baseline between sites with df = 2 in all cases. 
Symbols used to represent the study site follow those used in Table 
5.1. Sites denoted by same letter indicate that their means are 
statistically not significantly different (Tukey's test, /?>0.05). Note 
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Figure 5.19 Mean percentage deviations (+SD) of Brillouin's Index from baseline 
by data generated from Random Point Video Transect (RPVT) using 
(A) optimal sample size, (B) 30 min underwater survey time, (C) 60 
min underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) or Kruskal Wallis test (with 
Chi-square value given) was used to evaluate significant differences 
in the mean percentage deviations of Brillouin's Index from baseline 
between sites with df = 2 in all cases. Symbols used to represent the 
study site follow those used in Table 5.1. Sites denoted by same letter 
indicate that their means are statistically not significantly different 
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Figure 5.20 Mean percentage deviations (+SD) of Brillouin's Index from baseline 
by data generated from Quadrat (QUAD) using (A) optimal sample 
size, (B) 30 min underwater survey time, (C) 60 min underwater 
survey time and (D) 90 min underwater survey time. One-way 
ANOVA (with F value given) or Kruskal Wallis test (with Chi-square 
value given) was used to evaluate significant differences in the mean 
percentage deviations of Brillouin's Index from baseline between sites 
with df = 2 in all cases. Symbols used to represent the study site follow 
those used in Table 5.1. Sites denoted by same letter indicate that their 
means are statistically not significantly different (Tukey's test, >0.05). 
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Figure 5.21 Mean percentage deviations (+SD) of Shannon-Wiener's Index from 
baseline by data generated from Line Intercept Transect (LIT) using (A) 
optimal sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) was used to evaluate 
significant differences in the mean percentage deviations of 
Shannon-Wiener's Index between sites with df = 2 in all cases. 
Symbols used to represent the study site follow those used in Table 5.1. 
Sites denoted by same letter indicate that their means are statistically 
not significantly different (Tukey's test, /?>0.05). Note different scales 
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Figure 5.22 Mean percentage deviations (+SD) of Shannon-Wiener's Index from 
baseline by data generated from Point Intercept Transect (PIT) using 
(A) optimal sample size, (B) 30 min underwater survey time, (C) 60 
min underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) was used to evaluate 
significant differences in the mean percentage deviations of 
Shannon-Wiener's Index from baseline between sites with df 二 2 in 
all cases. Symbols used to represent the study site follow those used 
in Table 5.1. Sites denoted by same letter indicate that their means are 
statistically not significantly different (Tukey's test, p>0.05). Note 
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Figure 5.23 Mean percentage deviations (+SD) of Shannon-Wiener's Index from 
baseline by data generated from Random Point Video Transect 
(RPVT) using (A) optimal sample size, (B) 30 min underwater 
survey time, (C) 60 min underwater survey time and (D) 90 min 
underwater survey time. One-way ANOVA (with F value given) or 
Kruskal Wallis test (with Chi-square value given) was used to 
evaluate significant differences in the mean percentage deviations of 
Shannon-Wiener's Index from baseline between sites with df = 2 in 
all cases. Symbols used to represent the study site follow those used 
in Table 5.1. Sites denoted by same letter indicate that their means are 
statistically not significantly different (Tukey's test, />>0.05). Note 
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Figure 5.24 Mean percentage deviations (+SD) of Shannon-Wiener's Index from 
baseline by data generated from Quadrat (QUAD) using (A) optimal 
sample size, (B) 30 min underwater survey time, (C) 60 min 
underwater survey time and (D) 90 min underwater survey time. 
One-way ANOVA (with F value given) was used to evaluate 
significant differences in the mean percentage deviations of 
Shannon-Wiener's Index from baseline between sites with df = 2 in 
all cases. Symbols used to represent the study site follow those used 
in Table 5.1. Sites denoted by same letter indicate that their means are 
statistically not significantly different (Tukey's test, /7>0.05). Note 




Summary and Perspectives 
This is one of the very few studies worldwide that attempt to assess the accuracy of 
the commonly used coral reef monitoring methods and is probably the first one to 
examine and evaluate the effect of reef characteristics on the performance of these 
methods by field study. The four monitoring methods examined included line 
intercept transect (LIT), point intercept transect (PIT), random point video transect 
(RPVT) and quadrat (QUAD) methods. These methods were applied in three sites in 
Tung Ping Chau Marine Park, Hong Kong, that have different coral covers and 
species richness. Monitoring methods were assessed by field study inside the 
mapped plot, using cover coral, species count, univariate diversity indices and 
multivariate community structure as assessment criteria. 
The performance of the monitoring methods varies based on different assessment 
criteria. For example, species count and Margalef's Index that measures mainly 
species richness are always severely under-estimated by all monitoring methods. In 
general, only about one-third of the total species count is recorded by the monitoring 
methods. In contrast, the coral cover and Pielou's Index which measures evenness in 
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species distribution are always over-estimated by the monitoring methods. For the 
more sensitive multivariate analysis, the community structures calculated from the 
monitoring methods attain a level that is 52.70% to 77.87% similar to the baseline. 
For any parameter, the result also varies among monitoring methods and many of the 
results are not as promising as expected. For coral cover, which is the most widely 
used parameter for coral reef monitoring, although all methods overestimate the true 
value, QUAD generally provides more accurate estimation and the other three 
methods can sometime severely over-estimate the value. PIT provides poor 
estimation on species count, Margalef's Index and Pielou's Index when compared 
with the other three methods. As the choice of monitoring methods is essential for 
the success of any monitoring program, in most circumstances, QUAD tends to 
provide more reliable estimation than the other methods. Therefore, QUAD appears 
to be the best choice for general purpose monitoring program. 
Sampling effort is also a crucial factor to affect the monitoring result. Parameters 
such as species count and Margalef's Index are highly sensitive to sampling effort. 
Increase in sampling effort can significantly improve the estimation of these 
parameters from monitoring methods. In contrast, for other parameters such as coral 
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cover, increase in sampling effort plays only a limited role in improving the accuracy 
of the result. Increase in monitoring effort generally reduces the variability between 
replicates. As underwater survey time is generally limited, it is advisable to initiate a 
pilot study to estimate the optimal sample size required for any monitoring program. 
For multivariate analysis, the detected pattern can still be retained when taxonomic 
resolution is decreased from species level to genus level. However, further decrease 
in taxonomic resolution can result in alternation of the detected pattern. Although 
taxonomic information is also important in evaluating the ecological value of a site, 
collection of this type of information can be very time consuming and require special 
expertise. Thus, a monitoring program must strike a balance between the need and 
the resources available in choosing the suitable taxonomic resolution that will be 
used for the program. 
The effect of site characteristics, especially coral cover, on the performance of 
monitoring methods is investigated in the three study sites, Cheung Sha Wan (CSW), 
A Ye Wan (AYW) and A Ma Wan (AMW) as coral cover varies among sites. The 
result indicates that the commonly used LIT, PIT and RPVT methods are unable to 
provide reliable result when the coral cover is low (<10%). Thus, the use of those 
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monitoring methods should be avoided in area with low coral cover. Again, use of 
QUAD is recommended in this situation as it can provide more reliable information 
on the community than the other methods 
As shown in this study, coral cover plays an important role in affecting the 
performance of the monitoring method. Sites examined in this present study are all 
dominated by mainly massive corals. Topographic complexity, or the presence of 
corals of different growth forms may also affect the performance of the monitoring 
methods. Furthermore, other site characteristics such as spatial heterogeneity and 
colony size distribution may also affect their performances. All these need to be 
further examined for more comprehensive understanding of the effect of site 
characteristics on the performance of the monitoring methods. 
Notwithstanding further studies that may be needed, the findings from the present 
study should be useful in showing the importance of site characteristics in affecting 
the performance of reef monitoring methods. Although the final choice of a 
monitoring methodology may depend on many factors, the accuracy of the data 
obtained should always be given high priority. 
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It is unlikely that the tremendous natural and anthropogenic stresses being 
experienced by coral reefs all over the world will disappear suddenly. Thus, 
conservation effort to protect the coral reef is urgently needed to avoid further 
degradation of this ecosystem. Setting up of monitoring program is a timely response 
but different programs have different objectives, scales and limitations. The 
development and use of monitoring program as a tool for reef management need to 
be supported with good quality of data. Thus, the application of an appropriate 
monitoring method is an essential part in the design of a good monitoring program. 
The information obtained will be important for decision maker to help prioritize 
areas of high ecological value and for allocation of resources in places where they 
are most urgently needed. 
It is anticipated that more and more monitoring programs will be set up in the future 
as management tool for coral reefs. With increased participation from the public and 
advances of automated monitoring and image analysis protocols, the future of coral 
reef monitoring program should be optimistic. It is hoped that scientists, resource 
managers, government and the public can fully utilize the information generated by 
coral reef monitoring program and work hand in hand to protect this delicate 
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